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CHAPTER1 
INTRODUCTION 
ILEAHRLNG ASSESSMENT OF DIGITAL LIBRARY TECHNIQIIESI 
The impacts of information technology have not left any aspect of life, 
including education. With the advancement of technology the entire pattern, style 
and pedagogy of education has changed. As alresult, research in education has 
found a new area to explore various aspects related to technology and education. 
In this research work, the investigator has tried to explore the new 
techniques involved in Digital Libraries which are the part of information 
technology. This chapter will give the details of various concepts, terms, aims and 
objectives related to the topic in hand. 
1.1) DIGITAL LIBRARIES - THE CONCEPT 
The term "Digital Library" (DL) is used to refer to a range of systems, from digital 
library object and metadata repositories, reference-thinking systems, archives, and 
content management systems to complex systems that integrate advance digital library 
services and support for research and practice communities (Dagobert, 200831). 
Dagobert3l referred to a digital library as "it integrates access to materials with access to 
tool for processing materials (DL=materials+tools) and 	supports individual and 
community information aspects through functionality for selection, annotation, 
authoring/contribution, and collaboration". 
1BM defined a digital library as follows: 
"A machine readable representation of materials which might be found in 
a University library together with organizing information intended to help 
users find specific information. A digital library service is an assemblage 
of digital computing, storage, and communications machinery together 
with the software needed to produce, emulate, and extend the services 
provided by conventional libraries based on paper and other material 
means of collecting, storing, cataloging, finding, and disseminating 
information. A full service digital library must accomplish all essential 
services of traditional libraries and also exploit digital storage, searching, 
and communication". 
Lesk (1997*', cited by Malvia, R. N., 200816) defined the digital libraries, as 
3 
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"DLs are organized collections of digital information. They combine the 
structuring and gathering of information, which libraries and archives have 
always done with the digital representation that computers have made 
possible. Digital information can be accessed rapidly around the world, 
copies for presentation without error, stored, compactly and searched very 
quickly, a true digital library also provides the principle governing what is 
included and how the collection is organized" (p.3). 
The virtual library is known as digital library or c-library. Terence R. Smith (1997136 
cited by Malvia, R. N., 2008' t5 defined the digital libraries as: 
"controlled collection of information bearing objects (IROs) that are in 
digital form and that may be organized accessed, evaluated and used by 
means of heterogeneous and extensible set of distributed services that are 
supported by digital technology" (pp.2-3). 
Waters (19921 , cited by Malvia, R. N., 2008116) digital libraries combine collection and 
expertise in a seamless interface. Therefore, it requires specialized staff to select, 
organize, evaluate, interpret, offer intellectual access, preserve the integrity and ensure 
the persistence over time of digital works so that they are readily and economically 
available for use by a defined community or set of communities. 
D. Keye Gopen (19934s, cited by Malvia, R. N., 2008°) defined the virtual library as: 
"A concept of remote access to networked world library and information 
sources. This is a synergy created by bringing together technologically the 
resources of many libraries and information services". 
Oppenheim and Smithson (1999)107 defined the digital library as: 
"An information service in which all the information resources are 
available in computer-process-able form and the functions of acquisition, 
storage, retrieval, access and display are carried out through the use of 
digital technologies" (p.97). 
The Digital Library Federation provides a more comprehensive definition. It defines 
digital libraries as follows: 
"Organizations that provide the resources, including the specialized staff, 
to select, structure, offer intellectual access to, interpret, distribute, 
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preserve the integrity of, and ensure the persistence over time of 
collections of digital works so that they are readily and economically 
available for use by a defined community or set of communities" (Walters 
& Donald, 1998'eo) 
Lynch et al. (1995)92 `digital libraries are systems providing users with coherent 
access to a very large, organized repository of information and knowledge' as defined by 
the Working Group of the US govt's Information Infrastructure Technology and 
Application (IITA). Berkeley (1994, cited in Larson, Ray R., 199483) "Digital library is a 
global virtual library 'The Library of thousands of networked electronic libraries". 
Witten & Bainbridge (2002)"'z a digital library is an organized collection of 
information.., a focused collection of digital objects, including text, video, and audio, 
along with methods for access and retrieval, and for selection, organization, and 
maintenance of the collection. 
The history of digital libraries (DLs) is rich and varied because the concept of 
"digital library" is not new. Digital libraries, now a part of the global infrastructure, are 
being envisioned to interconnect many computer networks and versions of information 
technologies around the world, a partial fulfillment of a Bush's 1945 dream "Memex" of 
a personal micro-fiche-based system to tackle the problem of information overload. 
The "library' metaphor is both empowering and constraining: (i) empowering, 
because digital libraries automate and extend opportunities offered by traditional 
libraries, as well as harnessing opportunities not possible on the Web; and (ii) 
constraining, because the metaphor evokes certain legacy impression, many originating in 
arbitrary physical constraints (Fox, E.A. et al., 199562). Digital libraries represent a form 
of information technology in which social impact matters as much as technological 
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advancement. Table (Ll.!): shows a major (Asian) digital library research and 
development milestones (Hsinchun et al., 2005°0). 
Table (1.1.1). Major (Asian) digital library research and development milestones 
(I lsinchun et at.. 20Q560  
1994 NSF Digital Library Initiative Phase I (DLI-1) 
The First Annual Conference on the Theory and Practice of Digital 
Libraries, College Station, Texas 
1995 First IEEE Advance in Digital Libraries Conference. McClean, Virginia 
1996 First ACM Conference on Digital Libraries, Bethesda, Maryland 
1997 First European Conference on Research and Advanced Technology for 
Digital Libraries (ECDL), Pisa, Italy  
1998 The First International Conference on Asian Digital Libraries (ICADL, 
1998), Hong Kong, China 
1999 President's Information Technology Advisory Committee (PITAC) Report 
NSF Digital Library Initiative Phase 2 (DLI-2) 
Institute of Museum and Library Services (IMLS) Program 
NSF National Science, Mathematics, Engineering, and Technology Digital 
Library (NSDL) Program 
ICADL 1999, Taipei, Taiwan 
2000 ICADI, 2000, Seoul, Korea 
2001 ICADL 2001, Bangalore, India 
First ACM/IEEE Joint Conference on Digital Libraries (JCDL 2001), 
Roanoke, Virginia 
2002 ICADL 2002, Singapore 
2003 ICADL 2003, Kuala Lumpur, Malaysia 
2004 JCDL 2004, Tucson, Arizona 
In 1994 the original digital library was initiated (DLI or DLI-I), sponsored by the 
NSF, DARPA, and NASA. The original program announcement stated, "The Initiative's 
focus is to dramatically advance the means to collect, store, and make it available for 
searching, retrieval, and processing via communication works — all in user-friendly ways. 
Digital libraries store materials in electronic format and manipulate large collections of 
those materials effectively. Research into digital libraries is research into network 
information systems, concentrating on how to develop the necessary infrastructure to 
mass manipulate the information on the Net. The key issues are how to search and 
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display desired selections from and access large collections". The detail for DLI-1 and 
DLI-2 (1994-1998) programs in 	 from 1999 is to present many 
projects with undergraduate emphasis: (hup:/.www.dI i2/nsIigovIprojectshtml), 
(kitty:%'ww dli2;psfgoimroicot~.hlml). 
In addition to the core DLI-2 and related ITR projects, DLI-2 also sponsors 12 
international digital library projects (http:ih.%%w.dili_2 nit:' ointl.hunI), involving 
partners from the UK (University of Liverpool, Southampton University, King's College 
Landon), Germany (University Library of Gottingen. University of Trier), China 
(Tsinghua University. National Taiwan University). Japan (National Institute for 
Informatics), and Africa (West African Research Center). Several U.S. agencies also 
began to develop digital library projects that are uniquely tailored to their institution's 
function. For example, see (IM LS. httn://w~%s iml;.cov/aboutrndex.html) for the 
Institute of Museum and Library Services, which is independent federal agency that 
fosters 	leadership, 	innovation, 	and 	lifetime 	learning. 
See (http://w%►-u.imis.t;ov' losen'cls po.asp). 
Another significant digital library research program was developing 
concurrently under the NSF National Science, Mathematics, Engineering, and 
Technology Digital Library Program (NSDL, 	 ). 
More than 60 projects have been funded since 1998 in three areas: the collection track for 
offering contents (e.g., National Biology Digital Library; Digital Mathematics Library; 
Experimental Economics Digital Library); the service track for providing technologies 
and services (e.g., University of Arizona's Get smart e-learning concept map system); 
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and the core integration track for linking all contents and services under a unified 
framework. 
Smith (1998)t" described that digital libraries consisted of the collections of 
digitized resources as well as the links or pointers to other digital sources. Witten 
(2002)161 called "digital library" as a collection-building tool. Renda & Straccia (2002)1=' 
presented a personalized collaborative digital library system where users could organize 
the information according to their own interests as well as exchange information with 
each other. 
The social aspect of digital libraries emphasizes upon the activities people engage 
in when they create, seek and use information resources. Research within this area 
focuses on user studies, usage log analysis, multicultural issues, and language-specific 
issues (Bergman, 1996'). Liew et al. (2000)88 conducted an empirical evaluation to study 
the design of ejoumals and how users interact with them. Adachi (2000)' presented 
NACSIS-ELS, a digital library system of Japanese academic journals. Zhao et al. (2002) 
developed a Chinese medical portal, CMedPort, which intedrates various techniques such 
as meta-search, cross-regional search, summarization and categorization. 
In India until recently, Internet was accessible to a small group of academic and 
government users through the Education and Research Network (ERNET) and National 
Informatics Network (NICNET). Information and Library Network (INFLIBNET) was 
setup in 1993 by UGC to computerize and network the libraries of the universities and 
higher education institutes in India. Table (1.1.2) gives the details of information/library 
network systems in India as shown bellow: 
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Table (1.1.2). Information and Scientific Networks in India (S.I. Fazzuludin and 
rhikkamallaiah I99FI231 
Networks Network used by Controlled by 
NICNET Government department and 
agencies 
Planning Commission 
ERNET Institutions working in frontier 
areas of science and 
technology  
Department of Electronics 
CALIBNET Libraries in Calcutta Under the auspices of NISSAT 
DELNET Libraries in Delhi Under the auspices of NISSAT 
BOMNET Libraries in Bombay Under the auspices of NISSAT 
MALIBNET Libraries in Madras Under the auspices ofNISSAT 
HYDLIBNET Libraries in H derabad Under the auspices of NISSAT 
BALNET Libraries in Bangalore 
BTISNET Academic and research 
biotechnology institutions 
Department of Science & 
Technology  
INFLIBNET University libraries and 
specialized R & D institutions 
U.G.C. 
DESINET Defence science laboratories Department of Defence 
SIRNET Laboratories under the 
C.S.I.R. 
C.S,[,R. 
Many projects have been carried out on digital libraries in different fields in the 
world; some of them have been presented below: 
I-) A PROJECT ON INFORMATION DIGITAL VIDEO LIBRARY: 
Located at Carnegie Mellon University; the objective of this project is to develop 
technologies for fullcontent search and retrieval from digital video libraries. The project 
team is creating a test bed to enable K-12 (10+2 level in India) students to access, explore 
and retrieve science and mathematics materials from the digital video library by 
combining speech, image and natural language capabilities. It will initially contain 1,000 
hours of video. See (htto: /fuzine mt.es.emu.edu/im/informedia.htmI). 
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2-) ILLINOIS DIGITAL LIBRARY PROJECT: 
This is located at University of Illinois, Urbana Champaign 
(http://www.gtainger.uiuc.edul/dli). Focus here is on providing comprehensive search 
and display of complete contents of articles, indexing text, figures, equations and tables 
to articles from engineering and science journals, obtained in SGML format directly from 
the major partners in publishing industry. 
3-) ALEXANDRIA DIGITAL LIBRARY PROJECT: 
Located at University of California, Santa Barbara (http://alexandria.sdc.ucsb.edu/), the 
goal of this project is to provide access to collections of variety of special information, 
including digitized maps, images, air photos, and other graphical information, relating to 
the counties of Santa Barbara, Ventura and Los Angeles in California State. The range of 
the users includes school children, academic researchers and the general public. 
4-) UNIVERSITY OF MICHIGAN DIGITAL LIBRARY PROJECT (UMDL): 
This 	project 	focuses 	on 	earth 	and 	space 	sciences 
(htm,/Isils.umich.edu/[1MDL/Homeoa eg html). 
5-) UNIVERSITY OF BERKELEY DIGITAL LIBRARY PROJECT: 
The goal of this project is to develop technologies for intelligent access to massive 
collections of multi-media documents including satellite images, video, full text 
documents, 	comprising 	of 	multiple 	terra 	byte 	databases 
(http://htto cs berkelev eduMwilensky). 
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6-) THE STANFORD DIGITAL LIBRARY PROJECT! 
The technology developed in this project will provide the "glue" that will make this 
worldwide collection usable and unified entity, in a scalable and economically feasible 
fashion (http://www.di2lib.stanford.edu/diQlib). 
7-) UNIVERSITY OF CALIFORNIA CD-ROM INFORMATION SYSTEM: 
This system provides online access to a CD-ROM based database, through the Web, 
consisting of published federal (U.S. govt.) statistics covering 1990 census and foreign 
trade 	data, 	equivalent 	of 	about 	260,000 	books 
(httv://cedr lbl cov/edrom/doc/cdrorn htmq. 
8-) CORE PROJECT: 
This project covers five years of 20 primary journals published by the American 
Chemical Society, consisting of about 425,000 pages. The data is mentioned in two forms 
scanned images stored on Sony WORH jukeboxes and as SGML marked up ASCII files, 
for each page, stored on a SUN UNIX file server. 
9.) BRITISH LIBRARY'S INITIATIVE FOR ACCESS: 
This is a program of 20 development projects, initiated in 1993, to investigate hardware 
and software platforms for the digitization and subsequent networking of a range of 
library materials. 
The framework summarizes what are important issues in digital library research 
and close relation between academic, practitioner, user and policy — making 
communities. "We should provide a valuable tool for understanding the nature of digital 
libraries and for comparing and analyzing the results of research and experience of 
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practice," as stated by Ian Rowlands and David Bawden (1999)62. See Figure (1.1.1) for 
understanding the digital library. 
To understand the interaction between the digital libraries and society, some 
examples have been presented as follows: Humanity Development Library, a collection 
of some 1,200 authoritative books and periodicals, produced by many disparate 
organizations on various areas of human development, from agricultural practices to 
economic policies, from water and sanitation to society and culture, from education to 
manufacturing, from disaster mitigation to micro-enterprises. It contains 160,000 pages 
and 30,000 images, and occupies a small library book stack. It produced using the 
Greenstone software, and freely distributed open source project. Collection built with 
Greenstone offers simple but effective searching and browsing facilities based on 
metadata and full text of electronic documents. However, the collection maintainer may 
choose to present the original source document (whether Word, PDF, PostScript, 
PowerPoint, Excel, a QuickTime movie, an audio file or whatever) (Witten, 2002'6'). 
II 
LEARNING ASSESSMENT OF DIGITAL LIBRARY TECHNIQUES  
ign 	Implement 	Evalu 
latrodecr 
explore 
Inttgrate 
; 	 Amn4se 
'; 	 SOCIAL. DOMAIN 
Information skills and literacy. 
impacts on organizations and the nature of work. 
information law and policy. 
' O ' 
INFORMATION DOMAIN 
Knowledge organization and discover. 
Implications for information transfer chain 
' x 
c 	 SYSTEMS DOMAIN 
	
\ 	 Hunan-computer Interaction. ti Software agents. 
Stisltms architecture 
Figure (1.1.1). Understanding digital libraries according to Ian Rowlands and David 
Bawden (1999)62 
The Researching Education Development Library is a project of the Department 
for International Development (DFID). It has a CD-ROM library containing many 
education research papers and other documents. The UNAIDS Library contains 
publications in the "Best Practice" collection (including key materials, case studies, 
technical updates, and points of view). The Health Library for Disasters is the result of 
collaboration between the emergency and disaster programs of the World Health 
Organization (WHO) and Pan American Health Organization (PAHO). It contains more 
than 300 technical and scientific documents on disaster reduction and public health issues 
related to emergencies and humanitarian assistance (Witten et al. 2002163). Ismail Fahmi 
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(2003)65 described various technical and social issues in the development of the 
Indonesia's National Digital Library Network (Indonesia DLN). The success of the 
network was attributed to the use of the Protocol for Metadata Posting (PMP) to allow 
member institutions without a permanent Internet connection to join the digital library 
(DL) network. In addition to the use and distribution of open source software, and the 
application of the network of networks concept that motivated and permitted 
communities to develop their own DL networks that are integrated to the Indonesia DLN. 
It is interesting to note that the sustainebility of the network is mainly due to the 
distribution of the code as open source (Purbo, 2004114). Byrne (20039) identified the 
following factors contributing to the complexity of dealing with digital resources: 
• Volume and Selection of Electronic Resources. 
• Intellectual Property Considerations. 
• Absence of or incomplete bibliographic details. 
• To catalog or not to catalog. 
• Evolving standards. 
• VanishingURL. 
• To download or retain the Virtual format. 
• Licensing and Costs. 
• IT infrastructure and levels of access. 
• Number of staff and Expertise. 
Digital libraries are currently envisioned to become effective repositories of 
global knowledge resources, encompassing "all aspects of human activities, from 
industries to governments, and from education to research" (Chen, 2003a23, p.l). The 
current of digital portals results in dramatic increase in usage of databases and other 
electronic information sources (Hamblin & Stabbings, 2003M). For instance: 
13 
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1. The National Science Digital Library (NSDL) (2007) uses visualization 
software to group and relate concepts, but also offers a text-based interface to 
enable browsing. For example, individuals can search the NSDL using a specific 
term such as 'Education Technology" and then click on different subcategories of 
resources on education technology in order to retrieve links to the resources. 
2. The Alexandria Digital Library permits geospatial learning as well as 
longitudinal' latitudinal and temporal periods of organization. For example, 
individuals can click on "California" then "San Diego" and choose different 
maps, air photos and satellite images of the area from 1950 to the present. 
These two have the following in common: 
a. Each digital library provides nonlinear access to the resources, contains 
contextual information in the form of textual and visual cues that guide 
information seeking, 
b. demonstrates the relationships amongst resources and functions as self-
contained information space by providing immediate access to its materials, 
c. Though the formats vary (e.g., mp3, MS Word, Adobe Acrobat), the 
resources themselves, including images, audio, and motion picture, can be 
accessed on line. 
Digital libraries (Fox E. A., at al., 1995"; Levy & Marshall, 199587) have been 
developed to efficiently organize, store, and provide access to the rapidly increasing 
amount of digital information. Arms et al. (1997)6 reported an experimental system 
developed by the National Digital Library Project (NDLP) at the Library of Congress. 
The work described how technical building blocks were used to organize collection of 
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materials and word, PowerPoint, and LaTex, a Supervised learning based method. Hu et 
al., ( 200561) have proposed to identify title of the document using formatting and font 
features embedded within the document. A digital library for computer and information 
science, also automatically extracts Dublin Core metadata Cite Seer (Giles, Bollacker, & 
Lawrence, 1998°). At the end of this section the researcher enlists the number of 
volumes held by major US and global libraries from 1910 or earlier to 2002 that are a 
brief of digital library history as shown in both the tables (1.1.3) and table (1.1.4) 
respectively (Michael Lesk, 2005w). 
Table (1.1.31. Number of volumes held by major US libraries (Michael Lesk. 2005Th 
Volumes Held 
Institution 1910 1995 2002 
LibraryofCongress 1.8M 23.OM 26.OM 
Harvard 0.8M 12.9M 149M 
Yale .55M 9.5M 10.9M 
U. Illinois 	rbana) AM 8.5M 9.9M 
U. California (Berkeley) .24M 8AM 9.4M 
New York Public Library 1.4M TOM 11.5M 
U. Michigan .25M 6.7M 7.6M 
Boston Public Library I.OM 6.5M 7.5M 
Table (1.1.4). Number of volumes held by major global libraries (Michael Lesk, 200598) 
Number of volumes Held 
Institution Earlier 1910 1996 2002 Former name, if any  
British Library 240 k (1837) 2M 15M 18M British Museum 
Library  
Cambridge Univ. 330 	1473 500K 3.5M 7M N/A 
Bodleian (Oxford) 2k (1602) 800K 4.8M 6M N/A 
Bibliotheque 
Nationale de France 
250 k(1800) 3M 11M 12M Bibliotheque 
Nationale 
National Diet Library N/A 500K 4.IM 8M Imperial Cabinet 
Library  
Biblioteca 
Alexandrina 
533 k (48BC) 240 
K 
Library of 
Alexandrina 
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1.2) IMPORTANT FEATURES AND ADVANTAGES 
OF DL 
UNECA (2003)143 has described different features for digital libraries such as; 
I. 	Digital libraries are organizations with specific objectives or goals. 
Most digital library project's objective is to generate, collect, store, and organize 
information in digital form, and make it available to defined groups of users for 
searching, retrieval, and processing via communication networks. 
2. Digital libraries have functions and processes being undertaken in 
order to achieve the objectives and goals of the organization. These include 
selecting resources to be included in the collection; offering access to resources; 
distributing the resources, etc. These functions and processes are carried out by a 
combination of human resources and technological resources. 
3. Digital libraries are made up digital collections. Digital libraries 
store materials in electronic surrogates like bibliographic records (metadata) and 
indexes in addition to full-text documents, audio files, and images some of which 
cannot be represented or distributed in printed form. These digital works include 
both internal and external resources. 
4. Digital libraries serve a defined community or set of communities. 
Digital libraries are set-up to serve users, and the information needs of the target 
community or set of communities determine the information content and services 
of the digital library. 
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5. 	Users through a single user-friendly interface access digital 
libraries. The main purpose of the user interface is to perform as an 'access and 
integration layer' to a managed environment of quality assured information 
sources in local and distributed environments, which are available from many 
sources (Thomas, 2000). 
The salient features of a digital library according to T. B. Rajasheker (1996)135  
are as follows: 
I. 	It is unique referencing of digital objects. 
2. Enable 'link' representation to local/external objects (h)pertext). 
3. Clearly separates the digital library and the user interface by 
employing client-server architecture. 
4. Supports advanced search and retrieval, 
5. Available for a very long time (i.e., should not be dependent on 
specific hardware and software). 
6. Supports traditional library missions of collection, development, 
organization, access and preservation. 
7. Integrate personal, group, enterprise, public digital libraries. 
8. Supports publishing, annotation, and integration of new 
information. 
The worth mentioning features of the digital library according to Rama Nand 
Malviya (2008) are as follow: 
1. Documents of a digital library are available in 	digital format. 
Therefore, any digitization project has to perform several activities such as 
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assessment and selection of originals, grant applications and fun rising, feasibility 
testing costing and piloting, copyright clearance and rights management, 
benchmarking, quality assessment, metadata design and creation, delivery and 
long-term preservation. 
2. Since the digital library facilitates immediate access to high- 
demand and frequently used items, its ultimate success depends on the advanced 
digital technologies. In other words, the present day librarianship deals both 
digital as well as nondigital information and both types of information is handled 
by using Information Communication Technologies. 
3. Digital libraries are to be used by individuals working alone. 
Hence, professionals should have undergone an orientation cum training to 
enhance their skills to perform better work to render effective services in the 
digital environment. 
4. Digital library is capable of meeting the challenges of the Global 
resource-sharing phenomenon as it is of transferring data within and outside the 
countries breaking the physical boundaries of data. 
Rama Nand Malviya, (2008)..' described the advantages of digital libraries as a 
means of easily and rapidly accessing books, archives and images of various types are 
widely recognized by commercial interest and public bodies. Rama also discussed the 
advantages of digital libraries as follows: 
I. 	The user of a digital library needs not to go to the library 
physically; people from all over the world can gain access to the same 
information as long as an inherent connection is available. 
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2. A major advantage of digital libraries is that people can gain 
access to the information at any time, night or day. 
3. A number of users can use the same resources at the same time. 
4. Digital libraries provide access to much richer content in a more 
structured manner. 
5. The user is able to use any search terms (word, phrase, title, name, 
and subject) to search entire collection. Digital libraries can provide very user-
friendly interface, giving clickable access to its resources. 
6. An exact copy of the original can be made any number of times 
without any degradation of quality. 
7. Whereas traditional libraries are limited by storage apace, digital 
libraries have the potential to store much more information, simple because digital 
information requires very little physical space to contain them. When a library has 
no space for extension digitization is the only solution. 
8. Particular digital library can provide a link to any other resources 
of other digital libraries very easily, thus a seamlessly integrated resource sharing 
can be achieved. 
9. The cost of maintaining a digital library is lower than that of a 
traditional library. 
UNECA (2003)";  introduced the benefits of the digital libraries as follow: The 
major advantages of digital libraries over traditional (paper-based) libraries including 
faster additional to the data collection with better quality control, improved search 
functionality and faster access to information found, but also more freedom and reduced 
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bureaucracy for individual users (IBM, 199463). In addition to those, there are other 
potential benefits of digital libraries. These include the following: 
1. A digital library is available wherever there is a personal computer 
connected to the network. Therefore, it can be accessed at work places and in the 
home. 
2. Digital libraries' information resources are available for access to users 
around the clock. 
3. In a digital library environment, it is possible and easier to provide access 
to information resources in other formats that are not possible in the print format 
environment, i.e., multimedia formats like video and audio. 
UNECA (2003)143 discussed the infrastructure requirements for digital libraries. 
The following are some of the human, financial and technological infrastructure issues 
that should be taken into account while considering a digital library: 
1. Availability of appropriate information and communication infrastructure 
on which the digital library will be built. This will include appropriate 
hardware, software, and adequate network connectivity. 
2. Availability of human resources with appropriate skills. Skills 
requirements largely depend on the nature and sophistication of the digital 
library being implemented and may include: hardware specialists, network 
administrators, database administrators, programmers, content developers, 
information manager (librarian) etc. 
3. The target community of users should have access to the necessary 
hardware, software, and network connectivity. In addition, users should 
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have appropriate information skills relevant to the digital environment. 
They should be able to access and manipulate information in various 
digital formats—text, video, audio, and database. 
4. Availability of financial resources that support and sustain the 
development of the digital library since hardware, software, and 
manpower cost money, and so is the maintenance of the technological 
infrastructure, licensing of access to external resources payment for 
copyright, etc. 
5. Availability of appropriate legal and technical safeguards to guarantee 
authenticity and integrity of information and protect privacy, and abuse of 
intellectual property rights and copyright, where are appropriate. In fact, 
digital libraries raise more different and complex copyright issues than 
traditional libraries. 
6. Availability of standards, which are managed the digital information 
resources. For good quality information resources, databases, and 
effectiveness of information searching and retrieval, electronic 
information management standards should be employed. Standards such 
as metadata standard, object data construction, data navigation standard 
are required. 
There has been a progressive trend in recent years towards individualized 
instruction (Geddes and Sturtridge l982'1h; Altman and James 19804), and with this has 
come a desire to give the learner greater responsibility for his own learning. 
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Nowadays, using technology in education and training is not a new process. 
Traditional technologies such as flip charts, audiocassettes, and even printed materials 
have been used since their discoveries (Jonassen, 1996). Therefore, the learning styles 
are important to diagnose the learning input to manipulate its using with some processes 
to gain the better output. Hence, the most frequently quoted definition of learning styles 
is Keefe's (1979a)IS; 
"learning styles are characteristic cognitive, affective, and physiological 
behaviors that serve as relatively stable indications of how learners 
receive, interact with, and respond to the learning environment; the 
learning style is considered as a fixed pattern responding to the 
environment" (p. 4). 
This definition included both internal and external traits to determine individual 
learning preference and definition was widely accepted. Keefe (1 9R7)75 stated that the 
framework of learning styles consists of twee dimensions: (a) the cognitive dimension, 
which is concerned with perception and analysis of data; (b) the affective dimension, 
which deals with personality elements; and (c) the physiological dimension, which 
encompasses human body by variables. Dunn (]98336, 19841) and Reinert (1976)130 
identified four basic learners' perceptual learning modalities: (a) Visual learning: reading 
studying charts; (b) Auditory learning: listening to lectures audiotapes; (c) Kinesthetic 
learning: experiential leaming, that is, total physical environment in which learning 
happens; and (d) Tactile learning: "hands-on" learning such as building models or doing 
laboratory experiments. Warschauer (1995)" pointed out that (a) repeated exposure to 
the same material is beneficial or even essential to learning; (b) a computer is ideal for 
carrying out repeated drills because the machine does not get bored presenting the same 
material and because it can provide immediate nonjudgmentai feedback; and (c) a 
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computer can present such material on an individualized basing, allowing students to 
proceed at their own pace, freeing up class time for other activities. In Taiwan, most the 
educational software was designed by PLATO in order to train students effectively and 
help students get the higher scores in a short time to pass the difficult exams (Joe & You, 
20016°; H. C. Liu, 2001w; M. Y. Liu & Chen, 200491). To this end the multimedia-
networked computer provides a range of informational, communicative, and publishing 
tools that are potentially available to every student (Barnes, 20008; Carico & Logan, 
200420; Hazari, 2004M; In & Lee, 200464; McAlister, Ravenscrolt, & Scanlon, 2004; 
Schultz, 2003121). 
Generally, the Internet includes many different features for communicating and 
exchanging information. Many scholars (Chapelle, 2001"; Dueme or al, 20023s; 
McDonald, 2002; Morgan & Beaumont, 2003w; Warschauer, 1998152) noted "three 
main features of the Internet that can be categorized as (a) asynchronous computer-
mediated communication, (b) synchronous computer-mediated communication, and (c) 
hypertext" (pp. 13). Specially, the best example of hypertext, the third feature of the 
Internet, is the World Wide Web, which is actually a nonlinear, linked, or layered from of 
information organization whereby documents in a database are connected via hyperlinks 
(S. C. Chen, 199&; Chiu, 199727; Frizler, 1995°7 ; Grueling, 199951; K. W. Lee, 2000; 
Pilkington & Bennett, 2000''"; Salmon, 20001=5). Students can use the World Wide Web 
to access multimedia documents with clickable links to other documents and look for any 
kind of information by using a search engine (Graham & Scarborough, 1999m; 
Warschauer, 199515.). In particular, the World Wide Web (WWW), incorporating 
multimedia, h)permedia, and other valuable resources, have helped teachers generate 
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more alternative learning instruction and enhance learning activities. In order to integrate 
the WWW into writing instruction, writing teachers should be mindful of the function 
and limitation of web-based instruction (Barnes, 20008; Carico & Logan, 20040; Hazari, 
200456; Im & Lee, 200469; McAlister et al., 200493). 
Like the hyperlink on the Internet, the connection among all participants in 
collaborative learning brings about active learning in a class (S. C. Chen, 19966; Chiu, 
199727; Frizler, 1995°J; Grueling, 199953; K. W. Lee, 2000"; Pilkington & Bennett, 
2000110; Salmon, 2000125). Collaborative learning occurs when learners work in groups 
on the same task at the same time, thinking over issues together and dealing with 
complexities. Interaction in a collaborative class can occur among all the participants: the 
students, instructors, parents, administrators, and even the researchers (Panitz, 199910e; 
Poole, 2000"'; Salmon, 2000125; Walker, 2004)146. To state it differently, students can 
learn to participate both directly and peripherally in activities within a community in the 
target learning with a view to becoming fully literate (Barnes, 20008; Green, 1998; 
Horton, 2001'9; Jonassen, 1996; Knowlton, 200181; Morgan & Beaumont, 20031). 
Collaborative learning or group learning is a learner-centered model that treats the learner 
as an active participant who constructs knowledge from a wide range of experience, 
information sources, and interaction with the others. Overall, interaction helps students 
develop communication skills, promotes reflective thought, and enhances in-depth 
learning (Greeting, 1999s'; Ho & Swan, 200758; Jonassen, 1990 ; Kling & Courtrighk 
200380; Lapadat, 200212; McDonald, 200295. Formulating ideas in their own words and 
receiving feedback and evaluation from their peers, students learn to construct their own 
knowledge, thinking skills, and meanings socially (Barnes. 2000°; Carico & Logan, 
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200420; Harasim, Hillz, Teles & Turoff, 199555; Hazari, 2004; Im & Lee, 200464; 
McAlister et al., 200491). 
The operation of the Internet and the development of the WWW in computer-
based instruction in recent years have provided teachers and students with alternative 
ways of communication (S. C. Chen, 199624; Chiu, 1997"; Frizler, 1995d3; Grueling, 
199953; K. W. Lee, 200055; Pilkington & Bennett, 2000'10; Salmon, 2000125),  The WWW 
has created an environment where meaningful learning is fostered and supported. In 
addition, many scholars (Barnes, 20008; Carico & Logan, 20040; Joe & You, 2001"; 
McDonald, 2002w; Poole, 2000112; Walker, 20041 ') indicated that web-based 
hypermedia instruction (WBI) applies the attributes of the resources of the WWW. 
Properly structured, WBI can help learners engage in a series of instructional activities 
that present information, offer practice, and provide feedback to inform learners of their 
strengths and weaknesses as well as suggestions for learning enrichment or remediation 
(Bruce et al., 1993°: Green, 199850; Kemp, 199378; Lapadat, 2002c; Walker, 2(104145. 
While students play active and autonomous roles in learning in WBI, teachers may play a 
role of facilitator, guide, counselor, and information provider (Bickel & Truscello, 
1996 1; Bruce et al., 1993"; Green, 19985°; Kemp, 199378; Lapadat, 200282; McDonald 
2007"; Pilkington & Bennett, 200011°; Schultz, 2003126; Walker, 2004"). Through WBI 
the students select the teaming materials: text, images, and video clips with subtitles. 
Wallace & Mutooni, (1999147) found that the students in WBI actually showed more 
positive interest in learning than those in the regular class. Because WBI is more student-
centered learning instead of instructor-centered learning, students learn materials 
interactively from themselves, peers, and Internet in addition to their instructors. Agarwal 
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and Day (1998)2 also conducted a comparative study on WBL The participants in their 
study used information they located on the WWW to complete Web projects. Results 
indicate that the Web had a positive influence on these students' learning (Y. C. Cheng, 
1999; Garrison, 200341; Ho & Swan, 200758; Kling & Courtright, 2003W; I.apadat, 
2002°2). 
13) THE IMPACT OF TECHNOLOGY ON EDUCATION 
AND LEARNING 
The effective use of technology has been shown to maintain learner's interest for 
long periods, increase retention, offer distance education possibilities, and provide more 
opportunities for learner (self) directed learning (lonassen, 199e; Lim-Youngsook, 
199689; McDonald, 1996; Young-Shwu-Ching, 1996"`x. McDonald (1996)9' studied 
the impact of multimedia instruction upon students' achievement and attitudes. His 
findings showed that the use of multimedia technology had a positive effect upon student 
attitude and achievement. As technology continues to become more widely available, and 
as it is less expensive and easier to use, technology will likely change the methods for 
delivering instruction (Florini, 198941; Sliwa, 1994130; Wilson, 199115. Technology has 
the potential to support curriculum and policy reform. However, reform efforts alone will 
not cause the necessary change. There is a reciprocal relation between reform and 
technology. As Means (1994) argued, technology drives reform in education, but also 
"education reform makes a school ripe for technology" (p. xii). 
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1.4) DIGITAL LIBRARIES AND ONLINE RESOURCES 
OF EDUCATION 
There are studies that supported the creation and organization of online resources 
for classroom use (Dorward, Reinke, Recker, 2002t°; Means & Olson, 199797; Recker, 
Durward, & Nelson, 2004...; Summer & Dawe, 2001). This includes the creation of 
online resources, repositories (digital libraries) to store online resources, and tools to 
implement the usage of the resources in the classroom. The National Science Digital 
Library (http://nsdl.org) is an example of such an educational digital library. The NSF-
sponsored NSDL provides access to a comprehensive collection of science, technology, 
engineering and math (STEM) resources targeting all educational levels-prekindergarten 
through Grade 12, undergraduate, and life-long learners (Zia, 2001168). The NSDL 
describes itself as 
"A digital library of exemplary resource collection and services, organized 
in support of science education at all levels. Starting with a partnership of 
NSDL funded projects. NSDL is emerging as a center of innovation in 
digital libraries as applied to education, and a community center for 
groups focused on digital library enabled science education" (National 
Science Digital Library, 20021 ). 
Other examples include the Australian Learning Federation 
(http://www.theleamingfederafon.edu.au), the European Union's Foundation 
(http://www.ariadne-eu.org), EduSource Canada (http://www.edusource.ca), and the 
California Berkeley Digital Library (http://www.berkeley.edu/). Key objectives of these 
initiatives are to improve teacher and learner access to high-quality learning resources 
and to increase their use in order to improve education (Recker et al., 2005a°7; 
Wattenberg, 1998154; Zia, 2001168). Teachers have access to innovative curricula and can 
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customize students' learning by introducing new materials and resources, ultimately 
improving students' educational experiences. Rather than relying on outdated textbooks, 
teachers can find the most current information and resources and implement these in their 
classroom in a variety of ways (Wallace, Soloway & Kr'ajcik, 19981°9). Furthermore, the 
instructional technology researchers have turned to online resources as a way to help 
increase teacher efficiency, improve student learning, and lower development costs 
(Sumner & Dawn, 2001136). The widespread availability of online resources on the 
Internet is perhaps the most valuable technology available to teachers and students 
(Becker & Ravitz, 2001°). 
1.5) THE PROBLEM AND RESEARCH QUESTIONS 
Evaluation of digital libraries is essential component for the design of effective 
digital libraries. Digital libraries are designed for users to use. Users connect through a 
human-computer interface and interact with the digital library; though in some cases the 
digital library may be an embedded system that is seen only indirectly, however, most 
commonly, a digital library has an interface for users to search, browse, follow links, 
retrieve, and read documents. As can be seen in Figure (1.5.1), that interface may be 
specialized according to what roles the user plays. However, most of the researches on 
evaluation of digital libraries have applied criteria from researchers themselves. In 
particular, these studies focused on the usability studies and some focused on evaluation 
criteria from users' perspectives. Furthermore, users treat the library system as a tool, not 
as an object of the study. However, researches are available on usability of digital 
libraries and active learning in digital libraries separately but such a study, which 
establishes a relationship between learning assessment and usability of digital libraries, is 
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not available in Yemen country or abroad. Therefore, a study of such nature was felt. In 
this study, users (academic users or learners) treat the library system as a tool and an 
object of the study in the area of Human-Computer Interaction (HCI), Field of Education, 
and Personalized Information Environment (PIE). This study concentrates on digital 
library as a technique to enhance learning from users' perspectives. 
Author Reader 	Teacher~~ 
Learner DIGITAL 
Editor 	~--► ' 	~ 	LIBRARY 
Reviewer 1 
Dr. 	Patient Librarian 
Figure (1.5.1). User Direct according to Edward A. Fox (1999), 
The research questions examined in this research are as follows 
RQI: Do the effectiveness and efficiency of using the digital library materials 
have influences on students' satisfaction? 
RQ2: Does the efficiency of using the digital library materials have influences on 
students' satisfaction? 
RQ3: Does the effectiveness of using the digital library materials have influences 
on students' satisfaction? 
RQ4: What are the influences of learning activities and usability on the ease of 
use of the digital library? 
RQ5: What are the differences between students' experience and using Internet? 
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RQ6: What are the influences of the digital library learnability on the ease of 
learn? 
RQ7: What are the influences of the time spent for using the digital library on 
students' satisfaction? 
RQ$: Can the number of steps of using the digital library materials lead to the full 
students' satisfaction? 
RQ9: What are the influences of learning activities on students' satisfaction? 
RQ10: What are the influences of learning activities on learnability of the 
digital library? 
RQ1 L Do the students' activities have influences on active learning? 
RQI 2: Does the usability have influences on the levels of time spent? 
RQI 3: Does the usability have influences on the levels of steps? 
RQl 4: Does the usability have influences on the levels of satisfaction? 
RQl5: Does the usability have influences on the levels of learnability? 
RQ16: Does the active learning have influences on the levels of information 
seeking? 
RQl 7: Does the active learning have influences on the levels of active 
consuming? 
RQ18: Do the learning activities and usability have influences on students' 
learning? 
RQl9: Do the learning activities and usability have influences on students' 
activities? 
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RQ20: Do the learning activities and students' activities have impacts on the 
digital library usability? 
RQ21: Do the learning activities and usability have impacts upon students' active 
learning? 
1.6) SIGNIFICANCE OF THE STUDY 
The present researcher is interested to work in this field because Digital Library 
Techniques give a new dimension to education technology, are beneficial for the masses, 
economical by nature, and have very vast coverage area. In the past, the education 
depended on the traditional library that has physical places to search the information, 
reading in the specific places or borrow some books, references, journals, etc. At the 
same time, problemsiqueries of students remained unexplained for long time, so the 
students needed much time to solve those queries and get the answers, but as the time has 
changed now, with the invention of digital libraries it is possible to 
solve the queries of the students immediately and simultaneously. However, while using 
digital libraries techniques they are facing challenges like weak server, problem of 
access, lack of technical knowledge. 
Through this humble attempt, the researcher wants to find out the learning activities of 
the learner while using digital libraries materials and his level of usability is helping to 
achieve his learning goals. The importance of digital libraries in the field of education 
cannot be overlooked. The digtal library p-omotes learning through perminal ownershp 
and rnategernent of the learning process while connecting the learner with the comet 
aid wnirnudtiof learners ate edu artorb Dong and Agogino (2001)5 referred to that: 
31 
LEARNING IS.SESSMENT OF DIGITAL LIBRARY TFCHNTQIIESI 
"Content and services provided through the digital library will generally 
include multimedia courseware, digital problem sets and exercises, 
educational software applications, related articles and journals, and 
instructional technology services for educators and students, both 
commercial and non-commercial — all organized and labeled for the 
purpose of education and instruction... The tasks of the digital library are 
to find the learning resources, supply useful tips on applying them to 
current learning goals, and surface information that would aid in the 
decision to incorporate the learning elements" (p. 2). 
Unfortunately, education species are disappearing today at a faster rate than scientists 
who are able to use traditional means of collecting and sharing information. The use of 
information and communication technologies to support learning activities (a field now 
known as education technology) has fostered the educational digital libraries 
(EDL). So the digital library can be one of the important means used in the 
educational field especially in the distance learning when the teachers are absent 
from the classroom and the education processes, and the students need to get 
information to do their activities in different area of education and improve their 
levels of learning by using different materials. Moreover, these materials open new 
chatrtels for students in educational prooedtres Tatyss Munro and Ian Ptingletw 
i ndicaed to that: 
"Distance education materials tend to have been text-based where print 
materials are exchanged between learner and instructor/tutor by post, 
courier or through local distance learning centers. Much use is also made 
of email, chat rooms and other computer-based tools to support learners. 
Both synchronous and asynchronous exchanges and discussions may take 
place to support learning, the latter often within set limits of time (a week 
or two), allowing learners to contribute when it suits them given their 
other commitments. Discussions among learners and between learner and 
tutor are easily managed through email, as are links to libraries and 
databases. Using text-based materials still presents a barrier for learners 
with limited experience with formal education and with limited literacy 
skills, however, and audio and visual media can help to overcome this." 
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Dr. A. P. J. Abdul Kalam (cited in Rama Nand Malviya, 200805) described the role of 
digital library, as it is where the past meets the present and creates a future, A digital 
library provides equitable access to knowledge to all people, irrespective of place, caste, 
creed, color or economic status. Digital library unites rather than divides. Therefore, there 
is a need to develop digital libraries, and generate user friendly techniques in this area. 
Unless the difficulties faced by the learners are searched, how can new technologies be 
developed that solve their problems? 
Digital Libraries are not available in Yemen Country at all because higher 
education is established only in 1970 under Sana'a University and Aden University, 
which are the first two Universities in Yemen Country. The total of government 
universities are nine (10) only [AI-Eman, Alahgaft; Dhamar (Thamar), Hadramout, 
Hodeidah, Ibb, Sana'a, Taiz, Aden, and AI-13aitha), three (3) private universities [Nation 
University, Science and Technology University (UST), and Saba University] and some 
centers such as American Institute for Yemeni Studies, Andalus University For Science 
and Technology. Center for Arab Language and Eastern Studies, Sana'a (CALES), Duke 
Islamic Studies Center, French Center for Archeology and Social Sciences in Sanaa, 
Ministry of Agriculture and Irrigation National Council on U.S. - Arab Relations, Queen 
Arwa University (QAU), Sana'a Institute for Arabic Language, Sheba Center for 
Strategic Studies (SCSS), The Middle East and Middle Eastern American Center 
(MEMEAC) at the Graduate Center at CUNY lists the YCMES as a study abroad 
program, University of Science and Technology Hospital, Water and Environment Centre 
(WEC), Yemen American Language Institute, Yemen College of Middle Eastern Studies, 
Yemen Language Center, Yemen Ministry of Public Health. The Republic of Yemen has 
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been making consistent efforts to bring its entire people into the educational mainstream. 
Then only Yemen can be in the forefront of academic development on the global 
platform. In fact, Yemeni government has successfully outlined a definitive strategy with 
quite clearly laid out plans about improvement of education in Yemen. President Ali 
Abdullah Salch has set four priorities for the government. They are: 1) improving living 
conditions, 2) fighting corruption, 3) reducing poverty, and 4) encouraging foreign 
investments and globalization. Achievement of these objectives is not possible without 
streamlining the educational system. However, the educational scenario in Yemen is 
beset with many problems that strike at the root of the effective implementation of the 
policies of the government. It is an admitted fact that after the dark age of Imam Yahya, 
education in Yemen has witnessed an impressive era of expansion. Nevertheless, the 
quality has suffered to a remarkable extent for the sake of making education accessible to 
the majority. Yemen shares most of the problems of the third world countries. Some of 
these are large classes, poor infrastructure, and low level of the learners' proficiency, 
mixed abilities classes, poor teacher competence and lack of qualified teachers. In order 
to combat with the given situation of education, Yemen imported teachers along with 
courses from abroad. They are involved in the task of preparing curriculum, teachers and 
textbooks. However, all these acts of advancement are stalled due to some gaps and 
lapses. The literacy rate in Yemen is low and the women's literacy rate is still lower. 
Many of the children are out of school and the dropout rate is still very high. All those 
who pass out are found to be lacking even in the minimum level of proficiency. There is 
an "absence of participation expected from the society and the pioneering productive 
organizations in the decision making councils" (Educational Indicators of the Republic of 
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Yemen, 2005, -6:43, cited by Rama Kanta Sohu, 2008124). In order to enhance learning 
outcomes. Yemen establishes the first digital collection of information called National 
Information Center as first step to construct first digital library in Yemen as shown in 
Figure (1.6.1) below: 
dtdbx f Yrm 9Yittoe 	Jxfora tiila Cuter 
• f ~ I MY a ...a i.. ..sir — k4. 
L. 
Figure (1.6.1). National Information Center according to iup it ww , t,1c, n1(1 L ! 
This national information center can not provide education materials such as 
video, audio, animation, graphics, journals, periodicals, articles, etc. because, it is the 
collection of documents for theses and dissertations and social resources of information 
such as tourism etc. So the study of digital library, along with its problems and solutions 
becomes so important to support the higher education in Yemen that the researcher could 
not resist to take this work in his hands. 
No doubt, the scope of research in Digital libraries is very wide. New areas are 
emerging day by day. Mostly the people from Engineering and Technology are 
contributing a lot in this field of knowledge; nevertheless researchers in Educational 
technology and distance learning have also shown tremendous exploration. 
Learner's satisfaction is a very important factor in enhancing the knowledge 
through Digital Libraries. Being inspired by such studies the researcher wanted to explore 
and assess various types of techniques of digital libraries with special reference to their 
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usability & effectiveness and to find out their relationship with learners' efficiency, 
satisfaction & learnability. 
1.7) STATEMENT OF THE PROBLEM 
The problem is formally stated as below: 
"Learning assessment of digital library techniques: usability, effectiveness, efficiency, 
satisfaction. and learnability" 
1.8) OBJECTIVES OF THE STUDY 
The main objective of this research is to assess the major techniques of digital 
libraries with special reference to their usability, and effectiveness in relation to the 
learners' efficiency, satisfaction & learnability. 
The main variables in this study are usability and effectiveness with reference to 
digital library and efficiency, satisfaction and learnability with reference to learner. 
The specific objectives include: 
l 	To explore various techniques of learning via digital library; 
2 To evaluate these techniques of digital library; 
3 To discuss the impact of these techniques on learner's efficiency, satisfaction & 
learnability; and 
4 To highlight the need for education by using digital library techniques as virtual 
means 
1.9) DELIMITATIONS 
As Yemen is a large country, it is difficult to cover the entire geographical area in 
a single study like the proposed one; therefore, the researcher selected the sample from 
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the higher education institutions only, (English Language Teaching, Undergraduate final 
year students of Taiz University) who use Berkeley digital library materials for their 
learning and teaching process. 
1.10) DEFINITION OF IMPORTANT TERMS 
Several authors have pointed out that little work is being done to understand 
usability of digital libraries in any context (Blandford, Buchanan, 2002'2-2003'3, 69; 
Byran-Kinns, Blandford, and Thimblehy 2000'", 181; Borgman et al. 200016, 229; Theng, 
Mohd-Nasir, and Thimbleby 2001 °r, 238; Thomas 1998's'; Stelmaszewska & Blandford, 
2004133; and Judy Jeng, 2005a~, 2005b67). There are a number of methods to evaluate 
usability of digital libraries according to Askin, 19987; Blandford et al. 2004'; Nicole 
Comphell 20011 ': Kantner and Rosenbaum 1997"2; Keith et al. 2003;~t Nielson and 
Mack 1994 ° ; Pearrow 2000'° ; Popp 200113; Rosson and Carroll 2002122; Snyder 
2003132. However, for the purpose of this study the following definitions are provided. 
1.10.1 USABILITY 
Furtado et al. (2003)" considered "usability" from case of use point of view and 
added that usability should include ease of learning. International Standards Organization 
(ISO) defined usability as: 
"The context to which a product can be used by specified users to achieve 
specified goals with effectiveness, efficiency, and satisfaction in a 
specified context of use". 
According to Nilson (2003); Kim, Kyunghye (2002)79; and Judy Jeng (2005aM, 
2005b'7) the usability of a system can have four quality components as follows: 
L Learnability: how easy is it for the assimilation of distinct ways of using DL? 
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2. Efficiency: how quickly users (learners) can perform tasks? 
3. Satisfaction: how pleasant it is to use the design? 
4. Effectiveness: how many answers are correct? 
1.10.2 ACTIVE LEARNING 
In active learning, learners take responsibility for their own education and study 
strategies to accomplish their goals (Lee & Kim, 1999"). Active learning consists of 
Active Consuming (active reading, active watching, and active listening), Information 
Gathering (constructing the user's reference collection with ease), and Information 
Seeking (facilities are needed to locate suitable materials) which are hereby measured by 
browsing and searching attributes. 
1.102 DIGITAL LIBRARIES 
From the previous section in the definition part of the digital library, this research 
can pay attention to the following definitions of the digital libraries: IBM (1994) 
definitions are more of a hybrid digital library, one that includes the features of 
traditional libraries. 
The researcher can define digital libraryas a means that include a collection of 
information, which includes video, audio, documents, articles, journals, periodicals, etc. 
that use to enhance learners' skills, and cognitive and increase learning (formal and 
informal) outcomes using some activities. 
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CHAPTER 2 
LITERATURE REVIEW 
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2.1) REVIEWS RELATED TO DIGITAL LIBRARIES 
The creation of the Multimedia Educational Resource for Learning and Online 
Teaching (http://www.merlot.org/Home.po) in 1997 by the California State University 
Center for Distributed Learning positioned it to be one of the ancestors of educational 
digital libraries. It has an extensive collection of links to online resources for 
undergraduate faculty and students in mathematics, science, and technology as well as 
links to art, business, education, humanities, and social studies. These resources range in 
size from entire websites to individual activities. Part of the strength of MERLOT is its 
emphasis on community. Individual members and faculty from member institutions have 
contributed to both the development of this digital library as well as the ongoing peer 
review of resources in its collection. 
Visitors to MERLOT can use a basic search, advanced search, or browse lists of 
resources by subject term. Users can choose to limit search returns based on an advanced 
search query that makes use of up to 20 metadata fields. Members of the MERLOT 
community, either the authors or fans of the resources, have contributed the resources in 
the MERLOT collection. 
From the MERLOT catalog record of a resource, the user can connect directly to 
the resource or link to the peer reviews, contact the authors, or locate other resources with 
similar topics. The catalog record has a description of the resource and other metadata 
such as technical format, rights, and primary audience. Member comments or peer 
reviews written by faculty serving on editorial committees are often associated with the 
catalog record. Users can contribute "assignments," descriptions of how a particular 
resource can be used, which can help other users envision the variety of ways that they 
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themselves can use the learning resource. Each visitor to the MERLOT site can establish 
a personal collection and continually add resources to it. Christel et al (1997)67 presented 
usage and evaluation data for abstractions implemented the Info-media Digital Video 
Library, and discussed implications for video delivery over the Web. Research on video 
abstractions aided not only users of digital video libraries but also users discovering the 
increasing amount of digital video material available over the Web. The review by Dillon 
and Gabbard (1998)30 restricted learning outcomes of the use of hypermedia in higher 
education. 
Snyder (1998)81 argued that the use of hypertext makes a different way of 
learning and teaching possible and simulates active, self-directed, and exploratory 
learning, in particular. She also pointed out; however, that using potentially innovative 
technology does necessarily lead to change: 
'No technology ....can guarantee any particular change in cultural 
practices simply by its `nature'. A hypertext classroom can be used either 
to support new theories of reading and writing or to promote traditional 
approaches to the study of text ... The use and effect of a technology is 
closely tied to the social context in which it appears" (p. 140). 
Windschitl's (199893, 2000w) work had been a very significant impetus in 
prompting research questions on the importance of the Web in education. Windschtl 
particularly emphasized the importance of asking critical questions about the added value 
of the use of the Web in education. 
Digital libraries form a vast area of research & explanation. Being 
multidimensional by nature, they attract researchers from varied disciplines like 
education. Technology, Psychology, etc. Researchers in different subjects have discussed 
issues in the context of digital libraries, such as database of hypermedia, models, 
55 
I LEARNING ASSESSMENT OF DIGITAL L1B6ARYTECI1NIQOESI fli 
concepts of documents, multimedia database, children's behavior, usage and evaluation, 
etc. For example, Wong et al (1999)95 brought his so-called hybrid approach and 
specified a DL as a combination of a special-purpose database and a hypermedia-based 
UI, and used this combination to formulize DLs with the Z language. Lee and Kim 
(1999)% developed a canonical model for information systems; together with a 
compositional approach they applied to provide a partial solution for interoperability in 
DLs. Conzett, J. (2000)24 discussed that reading topic-related articles engenders some 
degrees of familiarity with particular words. Nevertheless, follow-up learning activities 
that use the same material, presented through various kinds of individual and interactive 
exercises, maximized the chance of the word being retained over the long term. He 
Daging et al 2h described a scheme for supporting content-based language learning with a 
digital library. Raging, Ming's paper, based on the integrated fijnctionalities of 
collecting, organizing, retrieving, and preserving digital objects in a collection, he 
converted a DL platform into an integrated and interactive e-learning system. The system, 
called DiLight, concentrated on organization lecturing slides, videos, reading materials 
and a student comment into meaningful items/documents, and provided multiple retrieval 
methods that are suitable for student's varied tasks, needs and references. Students' initial 
feedbacks were very positive, and demonstrating the usefulness of DiLight, system in 
their learning processes. Kristmundsson (2000)54 stated that for the first time in the 
history of education it could not be assumed that teachers are ahead of their students in a 
particular field. He referred to technical computer skills, which many students have a 
better command of than their teachers did. Teachers did maintain their advantage, he 
immediately added, when helping students converted information into meaningful 
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knowledge. Dong and Agogino (2001)3 prepared implementation paper that introduced 
principles for the information architecture of an educational digital library. This work 
described a concept for a digital library for science, mathematics, engineering and 
technology education (SMETE), a library with an information architecture designed to 
meet learners' and educators' needs. The authors proposed the specifications for the 
information architecture and a visual design of a digital library for communicating 
knowledge to the audience. The design methodology indicated that a scenario-driven 
design technique sensitive to the contextual nature of learning offers a useful framework 
for tailoring technologies that help empower, not hinder, the educational sector. Dong 
and Agogino3 determined 4 (four) principles as follows: Principle 1: organize information 
to provide opportunities for students and educators to create, synthesize, manipulate or 
debate content rather than merely to passively receive instruction. Principle 2: label 
resources with pedagogical identifies such as age group, teaching method, and academic 
standards to indicate educational uses. Principle 3: guide the collection and adaptation of 
learning elements towards individual learning goals. Moreover, principle 4: optimize 
search to meet the interests, knowledge, understanding, abilities, and experiences of the 
users in their roles as educators or students. They took about the design and development 
of an integrated, interactive, and effective e-learning system called DiLight. Todoran 
Horea (2002)' discussed a basic aspect of real multimedia database management 
systems: the multimedia data types. He had a brief overview of the audio-visual 
multimedia data types, which he defined and classified. Then, he presented various input 
and output technologies, which foster the emergence of new multimedia data types, 
called here "non audio-visual data types": smell, taste, and touch. Integrating these new 
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data types in multimedia database systems is a very difficult task. He imagined three 
incipient steps. In addition, Plass and Homer (2002f examined the preferences of 
Verbalizers and Imagers in multimedia learning. One hundred and three students using a 
German multimedia software were allowed to look up visual and verbal annotations for 
unknown words. The results showed that Imagers performed significantly better on words 
that reminded them of visual annotations than words that reminded them of verbal 
annotations, whereas Verbalizers showed the opposite pattern. Furthermore, Imagers 
performed better on propositions that allowed for visual and verbal annotations than on 
those that allowed only for verbal annotations, whereas Verbalizers performed well on 
both types of propositions. Song (2002)82 discussed ten studies on the interaction between 
students' learning skills and various forms of hypermedia instruction. Castells Manuel 
(2003)19 presented works in the context of a multidimensional language for DLs. They 
described the concepts of documents developed on the notions of views and versions, 
metadata formats and specifications, and a first-order logic based language. Druin et al. 
(2003)31  described the differences in children's collaborative behavior and dialogue when 
using two different software conditions to search for animals in the digital library. In this 
study, half children had to 'confirm their collaborative activities (e.g. both children had 
to click on a given area to move to that area), The other half used on 'independent' 
collaboration technique (e.g. just one mouse click allowed the pair to move to that area). 
The participants in this study were 98 Second and Third grade children (age 7-9 year old) 
from a suburban public elementary school in Prince George's County, Maryland. The 
results of the study showed distinct differences between conditions in how children 
discussed their shared goals, collaborative tasks, and what outcomes they had in 
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successfully finding multimedia information in the digital library. For example, Fuentes, 
C. A, (2003)38 reported that students' knowledge of business language was greatly 
enriched by basing learning on a corpus of business reports and product reviews. The 
Diognene project developed a Web training environment, based on the ACM Computing 
Classification Scheme (ACM CCS), for classifying books, journal articles and conference 
proceedings in the field of computing into a four-level subject hierarch (Vergara et al., 
2003)'[. The Courseware Watchdog is an ontology-based tool for finding and organizing 
learning materials in a decentralized way, in which the ontology servers as the basis for 
enhancing both the browsing and searching functions inside the system (Tane et al., 
2003)87. 
Dicheva & Dichev (2004)28 proposed a topic-map based system for building, 
maintaining and using concept-based ontology-aware digital course libraries. 
In the context of digital libraries, research on awareness is scarce. Adams et al. 
(2005)1 investigated organizational awareness, referred to awareness of community 
activities, events, and resources across an organization, They discussed the design and 
evaluation of a screen saver application as an awareness communication medium in the 
clinical domain. [ngwersen (1992)°  and Hansen and Ja"rvelin (2005)43 described 
awareness more formally, classifying it as awareness of people, activities, and objects. 
Awareness of people referred to know about one's colleagues. Awareness of activities 
referred to share the same need for information such as search strategies. Awareness of 
objects referred to access different types of resources such as sharing retrieved objects. 
Collins et al. (2005)'3 described the design of Science Sifter, a tool that enables 
researchers and scientists to create and customize information feeds. A unique feature in 
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Science Sifter is the ability of users to select multiple feeds, aggregate them into one 
feed, and then use a set of keywords to filter the feed. In this way, Science Sifter had the 
potential to facilitate efficient information sharing, although no users' studies were 
reported to validate the effectiveness of the tool. 
For example, a clinician would like to he notified with relevant search results 
whenever there is an important new press release and it is likely that his or her patients 
make inquiries about this topic. Although these particular studies (and others such as 
Collins et al. (2005)23) were specific to their unique context, they raised important 
architectural and temporal issues for designing and evaluating awareness mechanisms for 
digital libraries. Graff (2005)41  examined differences in web browsing strategies between 
Imagers and Verbalizers. There were 58 participants, who read information in either a 
hierarchical or a relational hypertext with the expectation of answering questions on this 
information. The differences observed between Imagers and Verbalizers were that the 
former visited more pages in the relational architecture whereas the latter visited more 
pages in the hierarchical architecture. Els Kuiper et al. (2005)3 analyzed what research 
said about the demands that the use of the Web as information resource in education 
makes on the support and supervision of students' learning processes. They discussed 
empirical research focusing on the limitations of the actual search strategies of children, 
as well as theoretical literature that analyzes specific characteristics of the Web and their 
implications for the organization of education. They concluded that students need support 
in searching on the Web as well as in developing "infomlation literacy". Based on 
multiple studies in the UK healthcare domain, In the domain of health informatics, 
researchers have explored the design and evaluation of alerting services for digital 
60 
I LEARNING ASSE58FIENT OF DIGITAL LIBRARY TECDNIQUES1 
libraries. Buchanan and Hinze (2005)14 and Hinze, et al. (2006)40 identified the need for 
clinicians and patients to track medical knowledge. Hinze et al. (2006)05 identified 
several user requirements for alerting in health digital libraries and go on to describe 
system-level implementation details. 
Digital libraries have an important role to play in language education also. Wu 
and Witten (2006)` indicated that digital libraries have untapped potential for supporting 
language teaching and learning. They described a new scheme for automating topic 
specific language learning using a specially built digital library. There were exercises of 
different types are generated automatically from the library content: one that learners 
undertook individually, one in which learners collaborated in pairs, and one in which a 
group of learners completed the task. The system aims to foster content-based language 
learning, which greatly increased students' motivation, fostered long-time recollection, 
and can be culturally situated in appropriate ways. They provide genre-specific, focused 
material that is carefully selected and organized. Subject-specific collections provide the 
opportunity to encounter key terms and grammatical constructions that rarely occur in 
general texts. 
Digital libraries of multimedia can provide a rich and coherent learning context, 
which aids retention and reinforces learners' knowledge of language. They can promote 
culturally situated learning by working with collections that introduce the target 
language's people, history, environment, art, literature, and music. Digital libraries can 
provide a safe learning community in which teachers share thoughts, tips and lessons 
plans, and organize collaborative task-based, content-based language projects; and 
learners meet their peers, exchange learning ideas, and engage in competitive or 
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collaborative tasks. Pedagogically, tuned search and browse facilities can meet the 
special needs of individual learners and teachers without bogging them down in fruitless 
tangential explorations. Earlier, Wu and Witten (2006)S developed eight activities that 
are automatically generated from digital library content and utilize the search and 
retrieval facilities to illustrate new ways of supporting language study. Supporting 
language learning with digital libraries is particularly relevant in developing countries 
where the ability to speak another language can make the different between poverty and 
success. Language education traditionally takes place in classrooms, and many students 
art denied the opportunity because of scarce resources. 
Michal Kosiedowski at al. (2007)"' discussed an approach at the distributed 
digital library platform that is widely used within the PION]ER optical network. It 
presented the methodology for building distributed search and accessed to digital 
publications that allowed creating a national federation of digital libraries and that is now 
under investigation for possible use within various application fields including medicine, 
science and education. Currently, there are 9 (nine) regional and 7 (seven) institutional 
dlibra-based digital libraries which can be used to present, manage and access digital 
objects consisting of content (text, sound, video, etc) and metadata those digital libraries 
were there in the PIONIER network and at least 5 (five) more were planned to be 
available by the end of 2007. Dhaka) Sushan (2007)85 focused on the use of Open Digital 
Library in present education scenario and the technical description for the architecture. 
However, this paper presented with the flavor of Foss and Educational Theme. Dhakalss 
discussed the reasons that appear when using open digital library as follow: if there is a 
single copy of the literature in the library then only a single user can use. In Open DL 
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numerous user can download the same data object at the same time. The printed copy of 
' 
	
	 the literature is often expensive, unaffordable to the general students of the developing 
countries. ODLs can solve the problem by giving e access. Often the libraries of the 
developing nation are limited in the literature they possess. Nevertheless, in the ODL the 
same literature can be searched in all repositories connected to it. As such even the e-
prints available in the libraries of Foreign University can be made available. There is no 
time limitation. Any time the resource is available and preservation of rare literature is 
also possible. 
Steven Scott et al. (2007)'8 had the project called Pathway which is improving 
the quality of physics teaching and the number of available physics teachers by providing 
virtual expert help on issues of pedagogy and content. Mellon's Synthetic Interviews and 
state-of-art digital video library technology with pedagogical advances developed at 
Kansas State University, and materials contributed by master teachers. Cornegie Mellon's 
Informedia Digital Video Library focuses specifically on information extraction from 
broadcast-quality video and audio content. It operated similarly to a Web search engine 
but did so by searching on video and audio information. Over forty terabytes, consisting 
of more than 30,000 hours of online news, documentary, and ethnographic video had 
been collected, with automatically generated metadata and indices for retrieving videos 
from this library. The interface had been designed to allow efficient browsing and access 
to information in spite of errors in the automatically produced descriptors of content, i. e., 
the metadata, which empirical studies and TREC Video Retrieval evaluations validating 
the effectiveness of the video library interface. 
A 
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Enrique Frias-Martinez et al. (2008)S examined how users' cognitive styles affect 
their behavior and perception in digital libraries. Fifty participants took part in this study. 
Two dimensions of cognitive styles were considered: (a) Field Dependence 
/Independence; (2) Verbalizer/Imager. The results showed that Intermediate users and 
Verhalizers had not only more positive perception, but they also completed the tasks in 
effective ways. Implications for the design of personalized digital libraries were also 
discussed. Arpit Jan's (2008)5 work described the design of Intinno, an intelligent Web 
based learning content management system. The system aimed to circumvent certain 
drawbacks of existing learning management systems in terms of scarcity of content, lack 
of intelligent search and context sensitive personalization. The scarcity problem was 
solved by using Web mining to crawl learning content from the Web. The mined content 
was then used to automatically generate concept maps. Automatic annotation using the 
concept maps was used to archive the crawled content into a digital library. 
Multiparameter indexing and clustering was done to provide intelligent content based 
search. Finally, algorithms for learning applications like generation of memory maps 
were proposed. 
2.2) REVIEWS RELATED TO EDUCATIONAL DIGITAL 
LIBRARIES 
Some researchers concentrated on specific digital libraries and specific users, in 
particular, educational digital libraries and learners. Focusing on digital libraries for 
teaching and learning will enhance students' skills and experience and translate teachers 
to be the guides of educational processes. Emig (1977)35 studied various definitions of the 
learning process by some of the most influential psychologies of the 20 h` century, 
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discovered clear correspondences between writing and learning. Furthermore, 'writing-
to-learn', and specifically the knowledge transforming model (13ereiter & Scardamalia, 
1987)' had considerable theoretical and empirical backing in educational psychology, as 
a manifestation of constructivism and creating a variety of opportunities for computing 
supported collaborative learning. Nelson and Hayes (1988)10 found that more 
experienced writers were inclined to employ on issue-driven (writing down preliminary 
thoughts, looking for supportive sources, reading) rather than a content-driven (exclusive 
information search, reading, and only then writing) approach. There is also some 
evidence that at least some successful students tightly integrate information search, 
reading and writing (Fister, 1992)3'. GeogDL did not provide an environment for active 
learning (Lebow, 1993)'5; it also adopted a pragmatic approach that recognized the 
importance and usefulness of examinations especially in the Singapore education system. 
GeogDL study conducted to engage a group of intergenerational partners 
involving secondary school students and usability-trained evaluators for the purposes of 
reinforcing and refining the initial design of GeogDL. Bergman et a]. (2000)2 conducted 
formative evaluation in formulating design requirements and summative evaluation in 
judging learning outcomes. Hill et al. (2000)"collected feedback about the users' 
interaction with the interfaces of Alexandria Digital Library, the problems of the 
interfaces, the requirements of system functionality, and the collection of the digital 
library. The study was inspired by Carroll's (2000)" work on the task-artifact cycle, user- 
centered strategies such as scenario-based design and claims analysis. Yang (2001)9g  
examined learners' problem-solving process in using the Perseus digital library by 
adopting an interpretive and situational approach. The findings of the study helped 
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designers develop and refine better intellectual tools to facilitate learners' performance. 
Some studies in how scholars actually work, a number of researchers have noted the 
interweaving of writing with the consulting of resource, and indeed searching activities. 
Brockman, Neumann, Palmer, and Tidline (2001)13 noted, 
"As scholars were finishing one document, they made notes of idea they 
had to expand for another publication. They ran searches to fill in gaps in 
their bibliography or quickly checked something, communicated with 
friends in other places who were helping them gather information, or kept 
up with departmental discussions about administrative issues." (p. 27). 
They divided scholarly writing into a series of somewhat distinct activities 
(Searching for the information and Organizing, analyzing, systematizing, synthesizing, 
obtaining insights, planning the report & Writing the report). In this work they 
summarized the categorization of highly-cited just-in-time infbraratiQn retrieved agents. 
Alexandria Digital Earth Prototype System (Smith, Janee, Frew, & Coleman, 2001)B° 
provided students with "learning spaces" (Coleman, Smith, Buchel, & Mayer, 2001). 
Theng et al. (2001)89 when examining digital libraries for children, embarked on a similar 
observational study between children in a physical setting — with findings used as 
refinements to a prototype of a digital library. Jose et al. (2002)52 argued that a digital 
library enabling collaboration between peers needed to be equipped with a common 
workspace as well as communication tools for the sharing of resources and comments. 
They began with a system design, refined later through their discussion. Kassim and 
Koehtanek (2003)°)  performed usability studies of an educational digital library in order 
to understand user needs, find problems, identify desired features, and assess overall user 
satisfaction. In addition to usability studies, DL evaluation studies also cover system 
performance and content. Applying multifaceted approaches to the evaluation of Perseus 
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Project, Marchionini, Paisant, and Komlodi (2003)6° concentrated on evaluating learning, 
teaching, system consisting of performance, interface, and electronic publishing, and 
content comprising of scope and accuracy. In contrast, Druin et al. (2003)", while 
developing a digital library for children, explored collaborative actions in a physical 
setting between children in order to suggest collaborative technologies for learning 
between children. 
There has been a growing interest in the importance of studying digital library use 
in context. For example, Carr et al. (2004)16 pointed out that DLs should not be just a 
static archive. Instead, DLs should be aware of user's information need and context. The 
authors called this a broadening' view of DLs. This is a natural progression from earlier 
concentrations on the mechanics of digitization and the collection and aggregation of 
online resources, the provision of useful search functionalities and the development of 
better user interfaces. 
Some studies use "surrogate users" — subject experts who can better assess 
features of a DL than the target user population, but who are not usability experts. One 
example is the work of McCown, Bollen, and Nelson (2005)*, who recruited eleven 
teachers to participate in a study comparing the effectiveness of NSDL and Google in 
terms of the quality of results returned for curriculum-related search expressions. In this 
case, the evaluation was not of the quality of the interaction or system design, but of the 
quality of the results returned in relation to the relevant school curriculum. Writing, 
particularly academic writing can be a challenge for experts and novices alike. Digital 
libraries have greatly improved the ease with which we can search for 
information, even from our desktop. It is easier to integrate searching and writing 
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activities when both are done in different windows on the same computer. Nevertheless, 
the act of writing remains difficult. The very accessibility of so much of information 
through ever more complete DLs with ever more sophisticated search funetionalities can 
mean that searching and reading articles turns into something of a displacement activity, 
postponing the dreadful moment of starting work on the paper. Sadly, this kind of 
problem is one more likely to be experienced by the more diligent, perfectionist student, a 
personality trait particularly evident at the graduate level. 
Twidale et al. (2007)90 integrated the potential of a tighter integration between 
searching for information in digital libraries and using those results in academic writing. 
2.2.1) EXAMPLES OF EDUCATIONAL DIGITAL LIBRARIES 
Multimedia Educational Resource for Learning and Online Teaching (MERLOTj 
Digital Library for Earth System Education (DL ESE) 
The Digital 	Library 	for 	Earth 	System Education 
(hup://www.dlese.orglddslindex.jsp) also is a community-based project. Educators, 
students, and scientists work together to improve Earth systems teaching and learning at 
all levels. The development of this digital library began with funding from the Award to 
Facilitate Geoscience Education (NSF 97-174) from the Gsosciences Directorate of the 
National Science Foundation. 
DLESE provides access to collections of digital Earth systems resources for 
teachers and learners, such as lesson plans, images, data sets, assessments, and online 
courses. A subset of exemplary resources is in the DLESE Reviewed Collection (DRC), 
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To insure that the resources are high quality, DRC best practices identify criteria such as 
scientific accuracy, information about pedagogical effectiveness, and the ease of use of 
the resource. 
Users can find resources with the search or browse features that are described 
accurately and consistently. Earth system educators, scientists, and librarians to ensure 
accuracy and relevance to the users create the DLESE descriptions. The records have 
educational descriptors such as grade level and educational standard. Bibliographic 
descriptors include creator, technical requirements, and resource type. 
Users can find resources by browsing the DLESE collection by subject, resource 
type, or grade level. The reviewed and thematic collections can also be browsed. 
Math DL 
MathDL (http://www.mathdl.org/) is a digital library that is funded by NSF, 
managed by the Mathematics Association of America, and hosted by Math Forum. Math 
DL provides access to both the Journal of Online Mathematics and Its Applications 
(JOMA) and a collection of digital classroom resources for undergraduate mathematics 
teaching and learning. Faculty can become part of the MathDL community by 
contributing resources, peer reviewing resources, or moderating discussions about 
resources. 
The Digital Classroom Resources (DCR) record contains bibliographic (author 
and title), educational (intended uses and appropriate courses), and technical (software 
specifications) information about the resource. It also offers a review based on classroom 
teaching and peer review. Visitors also can link to a moderated discussion about the 
resource. 
m 
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Communities for Physics and Astronomy Digital Resources in Education 
(comPADRE) 
The Communities for Physics and Astronomy Digital Resources in Education 
(httpd/www.compadre.org/) is designed to help people who belong to or identify with the 
following institutions: the American Association of Physics Teachers (AAPT), the 
American Physical Society (APS), the American Astronomical Society (AAS), or the 
American Institute of Physicslsociety of Physics Students (AIP)SPS). Users can find 
resources from collections focused on the different fields in physics and astronomy. 
These fields include introductory astronomy, quantum physics, student resources, high 
school teachers' resources, and public education. When users enter a query in the Physical 
Science Resource Center on the comPADRE site, they can limit their search by subject, 
author, and/or organization. It has bibliographic (such as author and cost), educational 
(such as intended levels and intended users), and technical information (such as format). 
At this time, comPADRE is not as some of the other mathematics and science 
educational digital libraries. Among the comPADRE development plans for the next few 
years are increasing the depth and breadth of the collections, building on the value of the 
records of the resources by including professional reviews, and establishing community 
interactions to promote advancement in physics and astronomy teaching and learning. 
BlosciEdNet (BEN) 
BiosciEdNet (http:lIwww.biosciednet.org/portal') is a project of the American 
Association for the Advancement of Science (AAAS) that provides access to life sciences 
resources for students from preschool through professional and continuing education. 
When visitors use a basic or advanced search or browse by subject area or resource type, 
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they can open records that display bibliographic (author, publisher); educational 
(context); and technical information about the resource. 
The MicrobeLibrary 
The MicrobeLibrary (http://www.microbelibrary.orgr) offers access to a peer 
reviewed collection of digital resources focused on the microbial world for undergraduate 
faculty and students in the life sciences. The resources in the MicrobeLibrary can also be 
accessed through BEN. It is linked to the American Society for Microbiology (ASM) 
recommended core curriculum for introductory microbiology courses. It offers images, 
activities, articles from the Focus on Microbiology Education newsletter, and columns 
and reviews from the AS4f News. 
The Learning Matrix 
The Learning Matrix (httpi//theleamingmatrix.ene.org) is a digital library 
collection for undergraduate mathematics and science faculty that was developed at the 
Eisenhower National Clearinghouse. Its goal is to support the extension of the 
implementation of the NSES for teaching into the undergraduate setting. It contains 
resources that have been selected for the collection by mathematics and science content 
specialists and described in bibliographic, educational, and technical terms. The resources 
range from entire web sites to individual simulations, images, or articles. Educational 
fields that describe the difficulty, level of interactivity, and suggestions for use can help 
faculty in their selection and use of the resource. Users can link directly from the catalog 
record to descriptions of related resources. Users can use a basic or advanced search as 
well as a browse feature to locate and access resources. The advanced search allows the 
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user to narrow their query by up to 14 different types of descriptors. The collection 
includes both resources for classroom use and faculty professional development. 
iLumina 
Faculty can find undergraduate leaching materials for chemistry, biology, physics, 
mathematics, 	and 	computer 	science 	in 	iLumina 
(http://turing.bear.uncw.edu,iLuminarindex.asp). The resources in this digital library 
range in granularity from individual images and video clips to entire collections of 
resources or courses. iLumina catalog records offer bibliographic, educational, and 
technical descriptions of the resources. Users can use a basic or advanced search feature 
or browse the resources described in the iLumina digital library. The advanced search 
allows users to limit their queries by descriptors such as subject, keyword, or level of 
interactivity. Users can browse by discipline, resource type, structure, media type, or 
contributor. The catalog record describes the resource in bibliographic, educational, and 
technical terms. Users also can see a description of different collections such as 
microscopy images, water mold videos, or calculus Maple worksheets. From the 
overview description of the collection, users can link to a list of all of the individual 
resources in the collection. 
The Virtual Skeletons Project 
The Virtual Skeletons Project (http://www.eskcictons.org/ ) allows visitors to 
access information about the bones of a human, gorilla, or baboon. The user selects a 
bone from one of the three organisms and then chooses to we a QuickTime movie about 
the bone, look at the origin or insertion points, or compare the bone to the same bone in a 
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different organism. The user also can virtually manipulate the bone into other viewing 
positions. 
2,3) REVIEWS RELATED TO USABILITY OF 
DIGITAL LIBRARIES 
Now a days, the characteristic derived from the Internet which the late twentieth 
century was marked by the following: a boom of the available information and a fast 
growth in the number of connected computers. Card et al. (1983)" showed the mouse to 
be maximally efficient with respect to human information processing for pointing at 
objects on screen. Therefore, it is essential to consider both cognitive and operational 
aspects involved in the process of information search and use (Norman et al., 198671; 
Dervin & Nilan, 19862?). Gould et al. (1987)40 demonstrated the image polarity, screen 
resolution and anti-aliasing in combination significantly affected reading speed, and any 
interface that failed to address two-level issues would serve to slow readers of digital 
documents by as much as 30%. Within Human-Computer Interaction, there is a higher 
preponderance of qualitative approaches to evaluating interactive systems, although 
qualitative approaches based on classic experiments (drawing on techniques developed in 
Psychology) are also common. Such experiments share many features in common with 
IR approach outlined above (Tague-Sutcliffe, 1992x), in that they involved the 
identification of independent and dependent variables and the control of confounds that 
might reduce the reliability of the study. Just as Tague-Sutcliffe (1992)6 presented a set 
of three criteria that any study should satisfy (validity, reliability, and efficiency), so 
within HCI a set of criteria have been identified. Accepted definitions of usability have 
focused on multiple usability attributes such as learnability, efficiency, memorability, 
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error, and satisfaction (Nielsen, 1993)72. There are many issues about documents; 
especially their stability and multimedia components as well as active elements affect 
retrieval, presentation, and other DI, activities (Levy, 1994)09. Van House et al. (1996)91  
focused on query form, fields, instructions, results displays, and formats of images and 
texts in the iterative design process for the University of California Berkeley Electronic 
Environmental Library Project. DL interface and usability concerns have been central to 
many efforts at Xerox PARC. Some of the research considers social issues relating to 
documents (Hearst, 1996)61 while other research bridges the gap between paper and 
digital documents (Hearst, Kopec, Brotsky, l996)fi2. The great alterations in all the scopes 
of human activity have only become possible to the extent that the new technological 
resources of information and communication have been accessible to people without 
specialized formation in computer science. As a result of innumerable research projects 
into this direction, one can note that to guarantee and to add value to the systems implies 
drawing and projecting products and services centered in the user's needs and focused on 
the way users perform their tasks. In 1997, a study at Virginia Tech of four digital library 
systems concluded that many have serious usability problems (Kengeri et at, 1997h7). The 
Virginia Tech study uncovered an important aspect of the situation, and suggested that it 
will be years before DL systems are properly understood and used. A pre-test asked about 
user expectations for a DL, and found that very few have worked with a DL. The post-
test showed that user expectations and priorities for various features changed 
dramatically over the short test period. -thus, it is likely that in general, as DL usage 
spreads, there will be an increase in understanding, a shift in what capabilities users 
expect, and a variety of extensions to the interface now considered. Some insight into DL 
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use may result from actual user observation as well as other measures of what documents 
are read (Levy, 1997)60. 
Covi and Kling (1997) investigated patterns of use of digital libraries using 
different groups of users, and how vary they were across academic fields and universities. 
They focused on interviewing potential users and were concerned primarily with 
university members, rather than considering the population at large. Their study led them 
to conclude that the development of effective (useful and use) digital libraries needs to 
take account of the important roles played by other people within the broader system of 
use (notable colleagues and librarians). In addition, it also considered the views of end 
users, as well as those of librarians and computer specialists need to be understood for 
effective design. Fumas and Rouch (I 998) found that in searching for information a 
"one-shot query" is very rare. More typical is an extended and iterative search, which 
involves opportunism; that is, the searching evolves over a period of time and relies on 
users being able to follow new (interesting) paths as they appeared, which may not 
necessarily have been specified at the start of their search. People do not just search for 
items in digital libraries, but also browse for them, O'Hara et al. (1998) focused on such 
writing activities in their studies of PhD students' use of libraries. They found that 
reading and writing were inextricably intertwined. Existing Web-based library interfaces 
did not support any writing activities, so subjects in this study saved and printed relevant 
articles, for future organization and annotation. Citing in human-computer interaction 
research by Shneiderman (1998)79, human-computer interactioniinterface criteria were 
discussed regarding usability, functionality, efforts as well as task appropriates and 
failures. Within the DL evaluation criteria, usability is the one that has been most 
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investigated. One important finding about reading activity Adler et al. (1998)=, Bishop 
(1998) and Marshal et al. (1999)B5 declared that people do not simply read articles from 
beginning to end, but rather move between levels of information - for example, from 
authors and tides to reading the conclusion. 
Jones et al. (1999)" characterized this distinction as follows; Browsing - users 
traverse information structures to identify required information; Searching - users specify 
terms of interest, and information matching those terms is returned by an indexing and 
retrieval system. Users in turn may browse these results in an iterative manner. Gutwin et 
al. (1999)42 discussed the browsing in digital libraries, but tend to focus on how user 
interfaces they develop can support browsing, rather than considering what browsing is. 
However, in their discussion of browsing support they did categories the purpose of 
browsing as follows: Collection evaluation - what is in this collection? Is it relevant to 
my objectives? Subject exploration - how well does this collection cover area X? In 
addition, Query exploration - what kind of queries will succeed in area X? how can I 
access this collection? Dillon (1999) proposed a qualitative framework (termed TIME) 
for designers and implements to evaluate usability of digital libraries which focuses on 
user task (T), information model (M) and the ergonomic variables (E). 
Bishop's (1999)consideration was of the use of digital libraries by people from 
different social and economic backgrounds. Her studies indicated that people from 
different backgrounds (low-income and academic) can easily be put of using digital 
libraries - small problems tend to be magnified until they deter potential users, and lack 
of awareness of library coverage often prevents users from understanding what they 
could get out of the libraries. Marchionini (2000)63 suggested applying existing 
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techniques and metrics to evaluation digital libraries, such as circulation, collection size 
and growth rate, patron visits, reference questions answered, patron satisfaction, financial 
stability. Based on data from the early 2000s, Elaina Norlin and Winters (2001)33 
provided a brief overview of usability testing; suggested Web site guidelines; discussed 
how to get buy-in from others; and how to plan, prepare, and conduct usability testing. 
They concluded with on actual case study. Nicole Campbell (2001)' provided an 
overview of usability testing methods and then covered eight case studies illustrating 
different aspects of usability testing and reported results of evaluations of specific library 
Web sites. Usability was also extended to performance measures, such as efficiency of 
interactions, avoidance of user errors, and the ability of users to achieve their goals, 
effective aspects, and the search context (Blandford & Buchanan, 2002)1°. Cherry and 
Duff's (2002) 0 focused on how the digital library was used and the level of user 
satisfaction with response time, browsing capabilities, comprehensiveness of the 
collection, print function, search capabilities, and display of document pages. The most 
evaluated DL services are reference services. For instance, Carter and Janes (2000)18 
analyzed logs of over 3000 questions sent to the Internet Public Library regarding how 
those questions were asked, handled, answered, or rejected. Electronic journals service of 
the digital library is another area for evaluation. Researchers like Castells (2003)19 and 
Levy, Pierre (2003)58 had argued about the social, economic and political changes 
originated by the use of the new technologies of information and communication for the 
net connected society. Blandford and Buchanan (2003)U also examined the classical 
usability attributes in the context of digital libraries, and they suggested adapting many of 
these attributes to the evaluation of digital libraries. Some of them, such as learnability, 
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need to be modified because users treat the library system as a tool, not as an object of 
the study. They are more concerned with building a user perspective into the design cycle 
than with final evaluation. Ryan (2003)x' and Thompson (2003)84 suggested establishing 
policies and how to integrate usability testing into library Web site development. 
Pamela & Sandra (2003)rs and Jennifer Ward & Hill (2005)50 were encouraged 
library staff to evaluate their Web sites. Leslie Johnston (2005)s~ reported on the 
development and assessment of the public discovery and delivery interface for the Fedora 
repository system. She covered internal review of the design, classroom testing, and 
usability testing with faculty and staff. She included a process model for assessments of 
future library projects. 
Claudia Roth et al., (2005)2 ' used participatory design techniques to enhance the 
development of a digital image library of sites of the art history department of the 
American University of Paris. The project team was composed of students, professors, IT 
managers, librarians, and administrators. Activities included workshops within the design 
teams, observations of the slide use in classes, user interviews, and reactions to paper 
prototypes of Web sites. The authors found that team formation had a high turnover 
impact on usability design; collection management influenced the usability of the final 
design; and usability and resource reuses were severely reduced if the services were 
limited to the classical digital libraries. Judy Jeng (2005a48, 2005b49) concluded that 
usability is a multidimensional construct. She further proposed an evaluation model for 
assessment of the usability of digital libraries by examining their effectiveness, 
efficiency, satisfaction, and learnability. User satisfaction covers ease of use, organization 
of information, labeling, visual appearance, content, and error correction. The evaluation 
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model was tested, and the results revealed that effectiveness, efficiency and satisfaction 
are interrelated. 
Barbara Cockrell & Jayne (2002) and Elahe Zoni-Sabihi et al. (2006)32 reported 
the results of usability testing, often case studies. 
In these studies, the evaluation emphasizes more on characteristics of users and 
their usage patterns related to preferred databases, preferred electronic journals, and their 
frequency of use (Monopoli, Nicholas, Georgiou, & Korfiati, 200269; Atilgan & Bayram, 
20066). 
Zani-Sabihi, Ghinea and Chen (2006)32 reviewed definitions of digital libraries. 
They focused on two digital collections: Science Direct (www.sciencedirect.com); and 
the classical Music Library (www.alexanderestreetprees.com/clmu.html). They asked 
participants (n=48) to find information on each Web site. Based on their experiences and 
analysis of the data, the researchers reported on the functionality features (n=10), 
interface/usability characteristics (n6), and content (n2) that they would like to we in 
these Web sites. Next, they compared the suggestions by types of users (novice, 
intermediate, and advanced). 
Ann Blandford et al. (2007)° shifted the focus to considering how IR systems, and 
particularly digital libraries, can be evaluated to assess (and improve) their fit with users' 
broader work activities. They presented the PRET A Rapporter framework for structuring 
user-centered evaluation studies and illustrated its application to three evaluation studies 
of digital library systems. 
Xie (2008)" investigated user's use, their criteria and their evaluation of two 
selected digital libraries. Nineteen subjects were recruited to participate in the study. 
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They instructed to keep a diary for their use of the two digital libraries, rated the 
importance of digital library evaluation criteria, and evaluated the two digital libraries, 
their perceived important evaluation criteria and the positive and negative aspects of 
digital libraries. Finally, the relationships between use of digital libraries and evaluation 
of digital libraries as well as user's preference, experience and knowledge structure on 
digital library evaluation are discussed. Xie97 illustrated the structure and summarization 
of the results (see Xie 200590). 
Teal Anderson and Sayeed Chouhdury (2008)"a at the Digital Knowledge Center, 
Sheridan Libraries, and John Hopkins University supported enhancing the usability 
testing of digital libraries. Their research agenda includes: using quantitative measures; 
conducting remote testing with users; testing with users; testing with diverse user 
populations; testing part on whole digital library collections; testing in natural and 
laboratory settings; and balancing decisions between user feedback and librarian 
expertise. 
2.4) HYPOTHESES 
Based on literature review and the explorative studies seventeen main hypotheses 
have been formulated. They describe the supposed correlation between the learning 
assessment, usability, activities, active learning and their components. In order to 
determine the specific usability and learning activities benefits, the correlation with 
effectiveness, efficiency, satisfaction, leamability, active consuming, information 
seeking, and information gathering will be discussed using different techniques (Nielsen, 
19931°; Fox et al., 1995°2; Jayawardana, 2001; Nielsen 20031°2; Judy Jeng, 2005a~, 
2005b67: and Adams et al., 2005). 
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These hypotheses are as follow: 
H1: The levels of effectiveness (of digital libraries) will have a significant 
impact on learner's efficiency and satisfaction. 
H2: The levels of efficiency will have a significant impact on learner's 
satisfaction. 
H3: The levels of effectiveness will have a significant impact on learner's 
satisfaction. 
1104: The levels of learning activities and usability will have a significant impact 
on ease of use of the digital library. 
H5: The levels of learner's experience will have a significant impact on using 
the Internet. 
H6: The levels of digital library leamability wilt have a significant impact on 
ease of learn of the digital library. 
H7: The levels of time spend using the digital library will have a significant 
impact on learner's satisfaction. 
1408: The levels of steps to reach the digital library materials will have a 
significant impact on learner's satisfaction. 
H9: The levels of learning activities will have a significant impact on the 
learner's satisfaction. 
H10: The levels of learning activities will have a significant impact on the digital 
library leamability. 
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2.5) STRUCTURAL EQUATION MODLING HYPOTHESES 
HO!!: The levels of activities will have a significant impact on active learning. 
H12: The usability will have a significant impact on the levels of time spent. 
H13: The usability will have a significant impact on the levels of steps. 
H14: The usability will have a significant impact on the levels of satisfaction. 
H15: The usability will have a significant impact on the levels of learnability. 
H16: The active learning will have a significant impact on the levels of 
information seeking. 
H17: The active learning will have a significant impact on the levels of active 
consuming. 
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CHAPTER 3 
CONCEPTUAL FRAMEWORK 
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SECTION I 
INFORMATION RETRIEVAL (1k) 
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3.1.1) MULTIMEDIA INFORMATION RETRIEVAL (MIR) 
AND COMMUNICATION 
Yu (2004)75 indicated that the research on Information Retrieval started in 1960s 
and initially focused on textual document retrieval. Now it has become a very wide 
research field that studies the representation, storage, organization, and access to various 
information items (e.g. documents, image, video, audio etc.). Hence, it has been named 
Multimedia Information Retrieval (MIR). Smeulders et al. (2000)E° denoted the primary 
goal of MIR. to retrieve relevant information items in response to user queries, while 
returning as few irrelevant ones as possible. One example is content-based image 
retrieval (CBIR). In fact, the term MIR is not limited to the retrieval of information. It 
covers a wide range of topics in information processing which are related to information 
retrieval including information translation, summarization and classification as well. 
DUC A. Iran (1996)" discussed that proliferation of Internet, the needs and methods for 
accessing and sharing information have reached a new height. Users have become more 
demanding with interests not only in traditional alphanumerical contents but also in 
multimedia contents. Requests for the richer data have amplified in parallel with the 
emergence of many important applications including digital libraries, distance learning, 
public information systems, e-commerce, movie on demand, and other corporate 
communications. Many of these applications allow the user to watch or listen to the 
stream of data as it arrives. Overlapping the layout of the data at the receiver with the 
transmission by the sender is referred to as multimedia streaming. ChengEu Chou 
(2002)10 indicated that technological advances in digital signal processing, data 
compression techniques, and high speed communication networks have made multimedia 
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applications (such as large-scale continuous media servers) and wide-area upload 
applications (such as distance education over Internet) an active research area. Rao et al. 
(2008) discussed that a new infrastructure of digital audio, image and video recorders 
and players, online services, electronic commerce and education is rapidly being 
deployed. Digital media offers several distinct advantages over analog media. The 
quality of digital audio, image and video signals is higher than that of their analog 
computers. Editing is easy because one can access the exact discrete locations that need 
to be changed. Copying is simple with no loss of fidelity. A copy of digital media is 
identical to the original. Digital audio, image and video are easily transmitted across 
networked information systems. These advantages have opened up many new 
possibilities. Multimedia consists of Multimedia data set of interactions. Multimedia data 
is informally considered as the collection of three Ms: multi-source, multi-type and multi-
format data. The interactions among the multimedia components consist of complex 
relationships without which multimedia would be a simple set of visual, audio and other 
data. Multimedia and multimedia communication can be globally viewed as a 
hierarchical system. The multimedia software and applications provide a direct 
interactive env ironment for users. When a computer requires information from remote 
computers or servers, multimedia information must travel through computer networks. 
Because the amount of information involved in the transmission of video and audio can 
be substantial, the multimedia information must be compressed before it can be sent 
through the network in order to reduce the communication delay. Constraints, such as 
limited delay and jitter, are used to ensure a reasonable video and audio effect at the 
receiving end. Therefore, communication networks are undergoing constant 
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improvements in order to provide for multimedia communication capabilities. LANs are 
used to connect local computers and other equipment and Wide Area Networks (WANs) 
and the Internet connects the LANs together. Better standards are constantly being 
developed, in order to provide a global information superhighway across which 
multimedia information will travel. Multimedia communication is the field referring to 
the representation, storage, retrieval and dissemination of machine-processable 
information expressed in multiple media, such as text, image, graphics, speech, audio, 
video, animation, handwriting and data files. Multimedia best suits the human being's 
complex perception and communicating behavior, as well as the way of acting. Namely, 
it does not only provide communication capabilities and information sharing for people, 
irrespective of location and time, but it also provides easy and immediate access to 
widely distributed information banks and information processing centers. Applications in 
medicine, education, travel, real estate, banking, insurance, administration and publishing 
are emerging at a fast pace. These applications are characterized by large multimedia 
documents that must be communicated within very short delays. Computer-controlled 
cooperative work, whereby a group of users can jointly view, create, edit and discuss 
multimedia documents, is going to he characteristic of many transactions. Some 
glamorous applications in multimedia processing include distance learning, virtual library 
access and living books. In distance learning, students learn and interact with instructors 
remotely across a broadband communication network. Virtual library access means that 
they instantly have access to all of the published material in the world, in its original form 
and format, and that they can browse, display, print and even modify the material 
instantaneously. Living books supplement the written word and the associated pictures 
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with animations, and hyperlinks provide access to supplementary material. Applications 
that are enabled or enhanced by video are often seen as the primary justification for the 
development of multimedia networks. 
3.1.1.1) MULTIMEDIA COMMUNICATION MODEL 
(Rea et al., 2008)29 described multimedia communication model in the following words: 
"A multimedia communication model is strongly influenced by the 
manufacture-dependent solutions for PCs, and workstations, including 
application software on the one hand and the intelligent network concept 
on the other." (p.30) 
A layered model for future multimedia communication comprises five components, 
which are as follow: 
• Partitioning of complex information objects into distinct information types for 
the purpose of easier communicating, storing and processing. This comprises 
data, video or audio and takes into account the integration of different information 
types. 
• Standardization of service components per information type, possibly with 
several levels of quality per information type. 
• Creation of platform as two levels: a network service platform and a 
multimedia communication platform. 
• Definition of generic applications for multiple use in various multimedia 
environments and different branches meeting common widespread needs. 
• Specific applications. 
3.1.1.2) ELEMENTS OF MULTIMEDIA SYSTEMS 
Multimedia systems generally use two key communications modes: person-to- 
person communications and person-to-machine communications. Figure (3.1.1.2) 
presents key elements of multimedia systems. 
99 
LEARNING ASSESSMENT OF DIGFrAL UBRARI" TECHNIQUES 
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(a)  
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St~►rarc anal 	 I r;+nsp►►rt 	 TTSet 
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(b)  
Figure (3.1.1.2): presents of multimedia systems used in (a) person-to-person 
communications and (b) person-to-machine communications according to Rao et al. 
(2008)'9 
3.1.1.2.1) In the person-to-person mode shown in Figure 3.1.1.2 (a), there is a 
user interface that provides the mechanisms for all users to interact with each other, and 
there is a transport layer that moves the multimedia signals from one user location to 
some or all other user locations associated with the communications. The user interface 
creates the multimedia signal and allows users to interact with the multimedia signal 
in easy-to-use manner. The transport layer preserves the quality of the multimedia 
signals so that all users receive what they perceive to be high-quality signals at each 
user location. Examples of applications for the person-to-person mode are 
teleconferencing, videophones, distance learning and shared workspace scenarios. 
3.1.1.2.2) In the person-to-machine mode, shown in Figure 3.1.1.2 (b), there is 
again a user interface for interacting with the machine, along with a transport layer for 
moving the multimedia signal from the storage location to the user. Some 
mechanism for storage and retrieval of multimedia signals are either created by 
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the user or requested by the user. The storage and retrieval mechanisms involve 
browsing and searching to find existing multimedia data. In addition, these mechanisms 
involve storage and archiving in order to move user-created multimedia data to the 
appropriate place for access by others. Examples of applications for person-to-machine 
mode include creation and access of business meeting notes, access of broadcast video 
and document archives from a digital library or other repositories. 
3.1.1.3) MEDIA INTERACTION 
Media interaction is shown in Figure (3.1.1.3). As can be seen, media are 
categorized into three major classes. The first is textual information, the second is an 
audio, including speech and music, and third represents image and video. The goal of 
speech recognition is to transcribe spoken inputs literally into individual words, 
but the goal of spoken language understanding research is to extract meaning 
from whatever was recognized. 
Sign Language 
Lip-reading 	Com ression Graphics Tran~l~tiun 	 P 	 P 
Natural Language 	 Database indexing/retrieval 
Figure (3.1.1.3): Media Interaction [2.1]. © 1990 IEEE (cited in Rao et al., 2008) 
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3.1.2) INFORMATION RETRIEVAL (IR) & DOCUMEN-
TATION 
Maristella Agosti (2007)39 referred to the term information retrieval which 
identifies that a person — the user — has to conduct to choose from a collection of 
documents, those that can be of interest to him to satisfy a specific and contingent 
information used. It allows that the aim of the area of information retrieval is to help and 
support the user in choosing, among the available documents, those that, with higher 
probability are more suitable to satisfy his information need. Figure (3.1.2.1) sketches the 
situation: the user has the possibility of choosing the documents of his interest from an 
available collection, but he needs to have a tool that can help him in choosing the subset 
of documents, which are of his interest without needing to invest a lot of time inspecting 
all the document of the collection. Figure (3.1.2.1) also shows the three main actors and 
aspects that information retrieval needs to address: 
• User, 
• Collection of documents, 
• Retrieval, which means a function or model used in retrieval and accessing 
information . 
CC`I I FCTION Or Fnt'lIMPNTB 
I SF.R 
IL 
rm EFTJ 
rT  
DOCUMENTS OF 
INTEREST 
Figure (3.1.2.1): Information Retrieval Aim according to A. Maristella (2007)'`' 
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Doyle, L. B. (1975)16 and Salton, G. (I 963) indicated that the study of hypertext 
methods was at the basis of a new sort of network-based and associative information 
retrieval entitled EXPLICIT. Associative information retrieval methods are those 
retrieval methods that have been proposed and experimented since the early days of 
information retrieval. The EXPLICIT model was based on a two-level architecture 
initially proposed in the hypertext as an effective information retrieval tool for the final 
user that introduced by Agosti et al. (1989)2 and refined in an approach for the conceptual 
modeling of IR auxiliary data introduced by Agosti et al. (1990)3. The two-level 
architecture holds the two main parts of the information resource managed by an 
information retrieval tool. On the one hand the collections of content objects (e.g. a single 
collection of documents, different collection of different types of digital content objects). 
Moreover, on the other the term structure, which is a scheme of concepts that can be 
composed of either one single indexing structure or some cooperative content 
representation structures such as those depicted in Figure (3.1.2.2) in a sort of "semantic 
network". 
SEMANTIC 
NETWORK 
rhr v 	r •' 	 tlIeY Nn z2 
• concept 
■ document 
DOCUMENT 
SPACE 
■ 16 coileaa.I 
■ \ co#rcaoøi 
Figure (3.1.2.2): the EXPLICIT architecture and model according to 
Agosti et al. (1990)3  
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The system manages this network to retrieve information of use for the final user, 
but also to present the representation of the contents of the collections to the user, who 
can use them for browsing and becoming acquainted with the information richness of the 
managed collections. Multimedia retrieval is the other relevant area that researchers 
started to face in a systematic way and for different media during the decade. The 
complexity of the management of collections of multimedia digital documents can be 
faced in particular for information retrieval purposes, but also from a general 
architectural point of view, that is, the area of digital libraries and digital library systems. 
The IMS (Information Multimedia System) research group is participating in the search 
in Audio-visual content using Peer-to-Peer (P2P) information retrieval (SAPIR) project 
(http:H www.saoir.eul). Fabio Crestani'l  discussed that information retrieval techniques 
have been used for a long time to identify links between textual items for automatic 
construction of hypertexts and electronic books where sought information can be 
accessed by browsing. Information retrieval (IR) has been created with the purpose of the 
enabling a user to access information relevant to the user information need expressed in a 
query, where the information is contained in large archives of textual data. The term 
"information retrieval" is described as "searching and retrieval of information from 
storage according to specific subject." The word retrieval means to discover and bring to 
the notice of the users, the documents in which information is embedded. Vickery 
(1970)9 described the word retrieval as "retrieval is essential concerned with the 
structure of the operation of the device to select documentary information from the store 
of information in response to several questions". Salton (1979)56 and Salton and Fox 
(1985)05 defined an information retrieval system as a "system used to store items of 
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information that need to be processed, searched, retrieved, and disseminated to various 
user population". Nowadays multimedia indexing and retrieval techniques are being 
developed to access image. video, and sound database without text descriptions. Any 
information retrieval system is based on some theory such as classification theory, 
linguistic theories in the context of automatic indexing, psychological approaches and 
early structural models of Fairthone" and others (Fairthrone, 196121). Therefore, the 
different models of information retrieval systems are as follows: Models Based on Input 
and Output such as Data Retrieval Model, Information Retrieval Model, and Knowledge 
Retrieval Model. Models Based on Theories and Tools such as Linguistic Models (Ponte 
& Croft, 1998 5, Mathematical Models, Psychological Model Brooks, 1968'; Oddy, 
197746). Moreover, the Economic Model, User Model in Information Retrieval, Logical 
Models, Vector Processing Models, Vector Space Model (Salton, Yang & Wong, I975), 
Probabilistic Models (Fuhr, 19923; Robertson, 1977`), Cognitive Models (ingwersen, 
1992"), the Fuzzy Set Model (Radecki, 1979'9; Lee, 199935), Cluster Model (Ellis, 
199020; Sowa, 200061; Deewester, Dumais, Fumas, Landauer, & Harshman, 199014). 
Oard & Derr (1996)d5 defined that an information retrieval is a process by which users 
seek to locate documents that contain information about the subject of their query. The 
information retrieval process is distinguished from the conventional database access 
paradigm by the user's desire to find documents about a subject rather than data that 
directly answers the query. Lancaster (1968)13 defined that an information retrieval 
system does not inform (i.e. change the knowledge no the user on the subject of his 
inquiry but it merely informs on the existence (or nonexistence) and whereabouts of 
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documents rating to this request. Figure (3.1.2.3) depicts a typical information retrieval 
system. 
Figure (3.1.2.3): A typical information retrieval system according to Oard & Dorr 
(1996)45  
With the advanced of technologies in World Wide Web and digital libraries, the 
traditional discipline of information retrieval has been extended to multimedia including 
image, graphics, video, and speech, and multi-languages, including European, Asian and 
other languages. Users expect to submit a textual query to the digital library in one 
language and obtain all the relevant information in all media and languages. For example, 
the following are some scenarios of the application CLIR in digital libraries (Cross-
Language Information Retrieval): 
1. The digital library has a collection of monolingual documents but it supports 
users who speak different languages. In this case, the queries may be of 
different languages. The queries must be translated into document languages 
before retrieval. 
2. The digital library has a collection of parallel documents. Users who know 
only own language may search in the digital library using his language and 
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obtain the relevant documents in the same language. The corresponding 
documents in other languages that are parallel to retrieved documents are also 
extracted. In this case, the digital library must be able to align the parallel 
documents if the documents do not come in pairs from the source. 
3. The digital library has a collection of multi-lingual documents. Multiple 
languages may exist in individual document. 
Cross-lingual information retrieval refers to the ability to process a query for 
information in one language, search a collection of objects, including text, images, audio 
files, etc. and return the most relevant objects, translated into the user's language of 
necessary (Klavans et al., 199931; Oard & Dorr, 199645). An information retrieval model 
has two major components, (i) representation of queries and documents, and (ii) 
comparisons of these representations. The objectives of an information retrieval system 
are to automate the process of examining documents by computing the comparisons 
between the representations of queries and documents (Turtle & Croft, 1991*; Van 
Rijsbergen, 197967). See Figure (3.1.2.4) below that depicts the representation and 
comparison processes in an information retrieval model. 
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Representaion Space R 
Document Space D 
Figure (3.1.2.4): Representation and comparison processes in an information retrieval 
model (Yang & Li, 2005' ) 
3.1.3) CONTENT-BASED IMAGE RETRIEVAL (CBIR) 
Nowadays, the needs of electronic imaging are growing rapidly. The digital 
libraries are adding up visual data such as photographs, videos, motion pictures, maps, 
manuscripts, satellite pictures and other special forms of data. Images of these materials 
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are a significant component of digital libraries for the most demanding in terms of 
conversion, storage and retrieval (B. P. Prakash, 19965). Recent years have witeness a 
rapid increase of the volume of digital retrieval. Early research of image retrieval is 
searching by manually annotating every image in a database. However, these text-based 
techniques are impractical for two reasons: large size of image databases and subjective 
meanings of images (Wu et al., 2000"). To avoid manual annotating, an alternative 
approach is content-based image retrieval (CBIR), which automatically retrieves images 
of user interest from large image databases based on the visual contents such as color, 
texture, shape, etc. It has been an active and fast advancing research area since the 1990s 
(Smoulders et al., 200060). The task of image retrieval is to find as many as possible 
"similar" images to the query images in a given database. The retrieval system acts as a 
classifier to divide the images in the database into two classes, either relevant or 
irrelevant. Many supervised learning approaches have been employed to approach this 
classification problem. Successful examples of learning approaches in content-based 
image retrieval can be found in the literature (Tieu and Viola, 20006°; Cox et al., 200011; 
Tian et al., 2000; Rui et al., 199952; Vasconcets & Lippman, 200068; Tong and Chang, 
200165; Yang, 2003'; Laakaonen, 199932). Furthermore, concept-based image retrieval 
has been proposed, which is a combination of text-based image retrieval and content-
based image retrieval. To overcome the limitations of text-based image retrieval, content-
based image retrieval (CBIR) systems emerged in the early 1990s (Kato, 198230; 
Faloutsos etal., 199422). In CBIR, features directly derived from their visual content by 
using image-processing techniques automatically or semi-automatically indexed the 
images. The common functionalities in CBIR can be summarized as follows (Smeulder et 
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al., 2000; Rui et al., 199952; Antani, Kasturi and Jain, 2002°; Yoshitaka and Ichikawa, 
1999's): 
• Image processing and pattern recognition techniques are used to extract 
low-level features, such as color, texture, shape, etc. from image. 
• For a given feature, a representation of the feature in a vector form and a 
notion of similarity are determined, and image is represented as a collection 
of features. 
• Finally, image retrievals are performed on computing similarity in feature 
spaces and results are ranked based on the similarity values computed. 
Eakins John (2002)18 identified three distinct levels of abstraction of search 
requirement with increasing complexity. Level I comprises retrieval by primitive features 
such as color, texture, shape or the spatial location of image elements. At level2, some 
degree of object and scene recognition as well as inference about the image content is 
required. Queries at this level may contain specific objects and scenes. Level3 comprises 
retrieval by abstract attributes, involving a significant amount of high-level reasoning 
about the meaning and purpose of the objects or scenes depicted. This includes retrieval 
of named events of pictures with emotional or religious significance, etc. Searches in 
CBIR can also be distinguished into three major categories (Cox et al., 199612): target 
search category-specific search and open-ended search or browsing. The ten-level visual 
structure presented according to Jaime and Chang (2000)"a that provides an elaborate and 
systematic way of abstracting images based on syntax and semantics. Syntax refers to the 
way visual elements are arranged without considering the meaning of such arrangements 
(e.g., color, texture, etc.). Semantics, on the other hand, deals with the meaning of those 
elements and of their arrangements (e.g., objects, events, etc.). 
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1. Color is the most widely used feature in CBIR, since it is an important 
dimension of human visual perception and it is invariant with respect to 
image scaling, translation and rotation and above all it is computationally 
least intensive (Rui et aL, 199912; Be! Bimbo, 199915 ). 
2. Texture, although there is no strict definition of the image texture, it is easily 
perceived by human and is believed to be a rich source of visual information. 
The existing texture descriptors are classified based on three different 
approaches as statistical, Model-based and Transform-based (Haralick, 
197929; Tamura, Mori, and Yamawaki, 197862; Picard and Minka61; 
Manjunath and Ma. 199637). The texture descriptor in MPEG-7 facilitates 
browsing and similarity retrieval in image and video databases. There are 
tree texture descriptors as homogeneous texture, edge histogram, and texture 
browsing (ISOAEC ITC 1, 200021). 
3. Shape, in many situations, people can recognize an object only by its shape 
and it is probably the most important properly that is perceived about 
objects. Generally, there are groups of shapes descriptors (Mehrotra and 
Gary, 199540.): boundary or contour-based shape descriptors and region 
based shape descriptors. Boundary representations emphasize the closed 
curve that surrounds the shape. This curve has been described by numerous 
models, including chain codes, polygons, circular arcs, splines, explicit and 
implicit polynomials, and boundary Fourier descriptors. Region bases shape 
descriptor on the other hand, emphasizes the material within the closed 
boundary or based on the entire shape region. 
Image retrieval based on multi-modal information sources has been recently 
gaining popularity due the huge amount of multi-modal information available on the Web 
(i.e., images with collateral texts in image captions, headers, titles and other places in 
HTML OR XML documents) (Chen, 20068; Santini, 20025; Westerveld, 2000n'; Chen et 
al., 20019; Lu et al., 2003; Sciaroffet al., 199958; Rong and William, 2002°1). There are 
two main combination techniques currently investigated (Chen, 20061); the text and 
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image modalities are sequentially used; and the text and image modalities are 
simultaneously used, combined either linearly or nonlinearly. 
3.1.4) h YPERTEXT AND HYPERMEDIA CONCEPTUALI-
ZATION 
Hypertext may simply be defined, as an electronic system to manage a collection 
of information that can be accessed none sequentially. It consists of nodes or `chunks' of 
information and logical links between them. The variety of nodes and links that can be 
defined make hypertext a very flexible structure in which information is provided both by 
what is stored in each node and by the way these nodes are linked to each other. The 
importance of hypertext systems lies in their potential capacity to augment and amplify 
human intellect (Marchionini & Shneidrman, I9g&5. Hypertext with its powerful, 
interactive nodes and associated information retrieval capabilities offers greater potential 
and flexibilities in the ways of presenting teaching materials. It offers great many 
possibilities for teaching and learning to both the teacher and the taught. The hypertext-
based system not only presents information on a topic but also encourages thinking 
analytically and critically about the information from multiple perspectives. It further 
enables the learners to participate in the leaming/teaching program actively. Another 
positive contribution of hypertext-based system is to enable the student to develop 
authoring skills and add his/her views as notes, new thoughts, arguments, comments etc. 
Findings of several students have provided evidence of the potential of hypertext-based 
learning systems. For example, a study at Broun University found that the students were 
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not only able to grasp the subject quickly but also developed analytically and designing 
skills (Beeman, W. 0. et al., 1987°). One of the first results of research in the automatic 
construction of hypertext is the recognition of the need of a conceptual modeling tool 
(Agosti & Crestani, 1993)'. The two-level EXPLICIT model is one of the conceptual 
models, which is based on two types of entity: data and auxiliary data. Data are the 
elementary objects of interest of the final user. Data are indexed and retrieved, and can 
consist of multimedia documents or fragments. Auxiliary data are the objects, which 
describe the semantic content of data. Thus the main elements of the EXPLICIT model 
are nodes and links, where links are used to express semantic relations between data and 
auxiliary data nodes. There are four different types of links: PT, TP, PP, and TT. PT and 
TP links represent relations between a page and terms and a term and pages respectively. 
A page is linked to terms describing the page content. PP links relate a page to other 
pages. Structural PP links, such as "next", "previous" or "go to the Table Contents" links 
are easily detectable. Finally, TT links are relate a term to other terms. The Hypertext 
Books project was carried out during 1997-2002 at the University of Padua. The 
objective of the project was to develop a methodology to enhance the paper-based 
version of a text book by the automatic insertion of semantic links. Effectively the 
Hypertext Book project aimed to developing a tool for the automatic construction of 
hyper-textbooks from text books (Landoni. M., 1997M). In particular, the book pages are 
the unit for reference for their hyper-textbook. The user can browse the book 
sequentially, going from one page to the next or to the previous one. The relevance 
relationships from Subject Index terms to pages have to be preserved because the Subject 
Index is the set of terms the author used to index the textbook, and therefore is the most 
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important structure for browsing. The Table of Contents has to be presented and 
augmented, since it is one of the most used features of the paper textbook (Egan et at., 
198919). Digital annotations: it is a Formal Model and its application. Marshall, C. C., 
(1997) studied personal annotative practices of American College students to point out 
the form the annotations have in the text books and function of the annotations, which is 
derived from their form. Maxshall40 (pp. 237-238) discovered that: First, annotations are 
procedural signals, cluing in the student to where an assignment starts, what material is 
important, and what material might require a second (or successive readings). Second, 
annotations are place-marks; they hold the quotes that are being reserved for the paper 
that the student will write at the end of the term, the chemical reactions and term 
definitions the student must memorize for the final, the theorem that is key to the proof in 
the homework assignment. Third, they are in situ way of working problems. Fourth, 
annotations record interpretive activity, either from another reader (e.g. a professors 
explanation), or as the result of careful reading (the student has interpreted him/or 
herself). Fifth, and most elusively, these markings act as a visible trace of a reader's 
attention, a focus on the passing words, and a marker of all that has already been read (as 
if these words are now processed). Finally, the markings may just be incidental reflecting 
the material circumstance of reading. Marshall, C. C., (1998)'' carried on her research 
work and categorized annotations along several dimensions which reflect the form 
annotations may take on: formal versus informal annotations, explicit versus tacit 
annotations as writing versus annotations as reading, hyper-extensive versus intensive 
annotations, permanent versus transient annotations, published versus private 
annotations. Finally, Marshall (2002°t, 200443), and Shipman et al. (2003)59 investigated 
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the relationship between private, shared and public annotations and how they can be 
exploited to find useful passages in the text. Recently, Hwang et al. (2007)25 conducted a 
study on the impact of annotations in improving the learning achievements of students. 
Four-month experimentation was performed, where the learning achievements of student 
who did not use annotations and students who used a Web-based annotation system for 
learning material were compared. By using a questionnaire, they found that most of the 
students agree that the annotation system improved their online reading performances and 
was easy to use; furthermore, using the annotation system improved the interaction 
between learners and the provided materials, by increasing students' interest in learning; 
finally, students reported that the possibility of sharing annotations both between groups 
and publicly improved their motivation to learn. 
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SECTION 2 
INFORMATION SEEKING 
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3.2.1) INFORMATION SEEKING MECHANISM 
Marchionini (I 989a)17 defined information seeking as a special case of problem 
solving where learners recognize and interpret in an information problem, establish a plan 
of search, conduct the search, evaluate the results, and if necessary, iterate through the 
process again. Kuhlthau (1993)A5 suggested a conceptualization beyond merely seeking 
and gathering information to a more rigorous constructive process of using information to 
solve the problem with initiated the information need. Fine (1984)2) suggested individual 
engage in information seeking for a number of reasons: to reduce ambiguity; increase 
their ability to cope with situations, to make decisions, to locate information that will 
lessen their anxiety, or more toward a desired goal. In a sense, the search event involves 
problem solving, not simply information finding. It is comparing student activity to the 
research behaviors of scientists. McNally & Kuhlthau (1994)61  described how 
information seeking consists of both undirected and highly directed activities — 
undirected searching that leads to unexpected links, or discrepant events related to their 
topics, and highly directed searching for the purpose of finding specific information. 
These activities formed the basis for students move through predictable stages as they are 
engaged in these information-seeking activities. They claimed students' progress from 
ambiguity to clarity, from seeking general information to seeking specific information. 
Kuhlthau (1993)45 described how learners commonly experience a series of phases as 
they seek information over extended periods. An affective, cognitive, and physical 
description of these phases includes: 
I. Initially, the learner first becomes aware of a lack of knowledge or 
understanding, and recognizes a need for information. Learners often 
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experience feelings of uncertainty, and thoughts are often vague and 
ambiguous regarding the information problem. 
2. Selection: The learners' task is to identify and select a general topic for 
investigating and develop an approach for pursuing the information. After a 
topic is selected, learners often experience a brief sense of optimism 
replacing the previous feelings of uncertainty. 
3. Exploration: This phase is often the most difficult for learners, as the task is 
to investigate information on a specific problem or question in order to 
extend personal understanding. Learner thoughts center on becoming oriented 
and sufficient informed about the topic in an effort to begin formation of a 
focus or personal viewpoint. Learners often experience feelings of confusion, 
uncertainty, and doubt during this phase. Specifically, learners may 
experience two forms of uncertainty: conceptual — what information the 
learner is looking for, and one related to the technical process of information 
retrieval — how to make use of the search instruments (i.e. databases, search 
tools, interface options, commands). 
4. Formulation: The task in this phase is to form a clear focus from information 
encountered during exploration. During this phase, feelings of uncertainty 
diminish and confidence increases, as learners perceive this stage as a turning 
point in their process of information seeking. 
5. Collection: In this phase, the learner and system interact most effectively and 
efficiently. 
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6. Presentation: The central task at this phase is to complete the search and 
resolve the problem or question. Learners complete the search with a gain in 
personal understanding. 
Given the fact that digital objects carry information in digital libraries and their 
respective metadata specifications, the proposed dimensions of quality for these two 
concepts can be connected to the life cycle of information in digital libraries (Borgnan, 
1996)e. Such connections can be used to determine when and where quality indicates can 
be measured, accessed, and improved — as well, as how possible quality problems can be 
prevented, detected, and eliminated. The connections are shown in Figure (3.2.1.1). The 
life cycle (see inner portion) has four major phases: information creation, distribution, 
seeking, and utilization. The outer arrows show in which stage information is active, 
semi-active, or inactive with regard to the phases. Each major phase (see inner ring) is 
connected to a number of activities or services. Finally, (see outer ring), each dimension 
of quality is associated with a corresponding set of activities/services. Similarity to other 
information, digital objects, or versions can be accessed at time of creation and 
modification. Preservability and timeliness (in relation to modifications) also are related 
to this phase. 
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Figure (3.2.1.1). Information life cycle (Borgman (1996)8) with respective dimensions of 
quality' added for each major phase and related activities. 
The next sub phase in the cycle deals with metadata creation and information 
organization and description; therefore, all quality dimensions associated with metadata 
specifications are located here. Special metadata quality processes such as enforcing 
filling out of mandatory fields and use of specific formats (e.g., for dates) as well schema 
validations, should be applied to related activities to guarantee quality (namely, accuracy, 
completeness, and conformance). In the next phase of archiving and distribution, the 
aspects of accessibility (e.g., means of storage, format, position in an organizational 
scheme, etc.) should be taken into consideration. In the seeking (e.g., searching) phase, 
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relevance of information as returned by the several information satisfaction services can 
be measured. Finally, most of the dimensions associated with the perceived value of the 
information (pertinence, significance) can be assessed during the utilization phase. 
3.2.2) RELATIONSHIP BETWEEN LEARNING AND 
INFORMATION SEEKING 
Information seeking and learning processes cannot he separated (Cole, 1999'"; 
Marchionini, 199555). Information seeking considered a response to some problematic 
tasks or situations characterized by uncertainty. The resolution of this uncertainty 
constitutes a change in the learner's knowledge state (Ford, 2003) that leads to learning. 
Under different information seeking scenarios, the change in knowledge state can he 
attributed to different modes of searching and browsing (Chop, Detlor, & Turnbull, 
2000"). In contrast, different conceptions of learning exist. Learning can be seen as 
problem solving, as inquiry, as sense-making, as intellectual socialization, as design and 
as constructivist activity by which the learner builds his/her own knowledge (Smith, 
1993k). Inherent in all these conceptions of learning are changed in the learner's state of 
knowledge, which results in learning. The interactive process of information gathering 
and processing, during an inquiry process, comes on an end when the learner can explain 
a phenomenon or when the learner achieves a state of certainty about some posed 
question. A careful comparison of the goals and mechanisms of information seeking and 
learning reveals their similarities and inseparability. Limberg (19995 ') had also reported a 
significant interaction between the process of information seeking and learning. Under 
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the light of the basic mechanisms involved and the evidence provided by the literature, 
we can see that both information seeking and learning alter the learner's knowledge state 
and that clearly, information seeking is encompassed by learning, as also is shown in 
Figure (3.2.2.1.) bellow: 
Eorm eeking 
Figure (3.2.2.1). Relationship between information seeking and learning 
(Faisal Ahmed, 20043) 
This is also evident from proposed information seeking and learning models (e.g., 
(Kuhlthau, 199345), (Choo et al., 200013), and (Ellis, 199320). It is clear from the 
discussion presented in this section that information seeking addressed several aspects of 
learning at a fine granularity. The learning process is implicit in searching, but a learner 
can greatly benefit by explicit support for learning according to different learning 
conceptualizations (Faisal Ahmed, 20043). 
3.2.3) RELATIONSHIP BETWEEN DIGITAL LIBRARY, 
INFORMATION SEEKING, AND LEARNING 
Learning is the process by which we acquire and retain attitudes, knowledge, 
understanding, skills and capabilities that are not a part of inherited behavior patterns or 
physical growth. It deals with an act, process or experience of gaining knowledge or skill 
through exposure to a variety of resources during study. Learning is a way of interacting 
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with the world. Kolb (19844') argued that defining learning in terms of the change of 
behavior is not enough to define the learning process. Kolb4' defined learning as an 
adaptation process. "It is a process whereby knowledge is created through transformation 
of experience". Sue Roberts (200691), discussed the deep learning approaches in four 
directions that are first, a learning as active, situated, and social; second, constructivist 
perspectives; third, €earner-focused pedagogy; and finally, developing metacognitive & 
other skills. He also described the role developments with three elements academic, 
learning technologist, and academic librarian. The important question is that how do 
libraries support teaching and learning? 
To answer this question we should discuss the roles of digital library in learning. 
According to Cory Marchionini and Hermann Maurer (1995") who indicated that 
libraries serve at least three roles in learning: first, they play a practical role in sharing 
expensive resources. A community of users shares physical resources such as books and 
periodicals, films and videos, and software and electronic databases, and specialized 
tools, such as projects, graphics equipment, and cameras. Human resources — librarians 
(also called media specialists or information specialists) — support instructional program 
by responding to the requests of teachers and students (respective services) and by 
initiating activities for teachers and students (proactive services). Responsive services 
include maintaining reserve materials, answering reference questions, providing 
bibliographic instruction, developing media packages, recommending books or films, and 
teaching users how to use materials. Proactive services include selectively disseminating 
information to faculty and students, initiating thematic events, collaborating with 
instructional to plan instruction, and introducing new instructional methods and tools. In 
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these ways, libraries serve to allow instructors and students to share expensive materials 
and expertise. Second, libraries serve a cultural role in preserving and organizing artifacts 
and ideas. Great works of literature, art, and science must be presented and made 
accessible to future learners. Although libraries have traditionally been viewed as 
facilities for printed artifacts, primary and secondary school libraries often also serve as 
museums and laboratories. Libraries preserve objects through careful storage procedures, 
policies of borrowing and use, and repair and maintenance as needed. In addition to 
preservation, libraries ensure access to materials through indexes, catalogs, and other aids 
that allow learners to locate items appropriate to their needs. Third, libraries serve social 
and intellectual roles by bringing together people and ideas. This is distinct from the 
practice role of sharing resources in that libraries provide a physical place for teachers 
and libraries to meet outside the structure of the classroom, thus allowing people with 
different perspective to interact in a "knowledge space" that is both larger and more 
general than that shared by any single discipline or affinity group. Browsing through a 
catalog in a library provides a global view for people engaged in specialized study and 
offers opportunities for serendipitous insights alternative views. In many respects, 
libraries serve a centers of interdisciplinary — place shared by learners from all 
disciplines. Digital libraries extend such interdisciplinary by making diverse information 
resources available beyond the physical space shared by groups of learners. 
Hence, Cory Marchionini and Hermann Maurer (19955) denoted to one of the greatest 
benefits of digital libraries is bringing together people with formal, informal, and 
professional learning missions as follows: First, formal learning is systematic and guided 
by instruction. It takes place in courses offered at schools of various kinds and training 
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courses or programs on the job. The important roles libraries serve in formal learning are 
illustrated by their physical prominence on university campuses and the number of 
courses that make direct use of library services and materials. 
---------------- 
Infromal Information 
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Formal 
Learning 
(K-12 and College) 
Information 
Resources 
Professional 
Learning 
Information 
Resources 
Technology 
Figure (3.2.3.1). Current model of technological support for different types of learning 
(Cory Marchionini and Hermann Maurer (199515)) 
Second, digital libraries open new learning opportunities for global rather than just local 
communities. Learners take advantage of other people, mass media, and their immediate 
environment during informal learning. Third, professional learning refers to the ongoing 
learning adults engage in to do their work and improve their work-related knowledge and 
skills. The main information resources for the professional learning, however, are 
personal collections of books, reports, and files; subscriptions to journals, and the human 
networks of colleagues nurtured through professional meetings and various 
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communications. Many of the data sets and computational tools of digital libraries were 
originally developed to enhance professional learning. Digital libraries combine 
technology and information resources to allow remote access, breaking down the physical 
barriers between resources. Although these resources will remain specialized to meet the 
needs of specific communities of learners, digital libraries will allow teachers and 
students to take advantage of wider range of materials and communication with people 
outside the formal learning environment. This will allow more integration of different 
types of learning, as depicted in Figure (3.2.3.2) as shown bellow: 
~`~`'" 	 Informal 
Learning 
Formal 
Learning 
(K-12 and College) 
Professional 
Learning 
Digital Librari 
Figure (3.2.3.2). Digital libraries lead to integrated resources and types of learning (Cory 
Marchionini and Hermann Maurer (199515)) 
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Digital libraries will allow learners of all types to share resources, time and 
energy, and expertise to their mutual benefit. For example: 
a-) textual databases of classic words and image collections for important artistic exhibits 
or museums have been assembled by scholars and made available through the Internet 
(Santa and Calif, 199476). 
b-) although electronic journals are becoming more common, they have not penetration 
as many expected (Oldyzko, 199468; Schaffner, A., I994'). Two common approaches to 
electronic journals are: to store files in LaTex, PostScript or ASCII form in a fileserver 
and email the files or allow FTP access to them (generic approach); and to store 
documents in hypermedia systems and allow on-line browsing and perusal (hypertext 
approach). 
c-) new reading and filtering programs (Ahlberg et al., 19942; Stevens, C., t993y°) and 
search tools such as Archie and Veronica (Deutsch, P., 1992'9) provide rudimentary aids 
for locating information in these electronic discussions. 
d-) a variety of hypermedia materials are becoming available, and these collections are 
often served from a library rather than through dedicated machines in classroom (Crane, 
G., 1994"; Mylonas, E., 199263), 
Furthermore, learning and digital library have two distinct components: 
Learning related to accessing evaluating and using the information resources available in 
this environment; and learning related to mastering and building upon the ideas embodied 
within those individual resources (Delia Neuman, 1997i8). Explorations of the 
relationship of cognitive theory to instructional technology have in fact co-existed with 
behaviorist ideas in the instructional technology community for years, and the field has a 
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long history of drawing on both traditions to explore the relationship of media and 
learning. For example, Kozma (199494) offered his conclusions and insights as argument 
of reframing instructional technology's longstanding debate on the contributions of media 
to learning: 
"Perhaps we should ask, what are the actual and potential relationship 
between media and learning? Can we describe and understand this 
relationship? Moreover, can we create a strong and compelling influence 
of media on learning through improves theories, through improves 
research, and through improves instructional designs?' (Kozma, 19944; 
p.233) 
Liebscher and Marchionini (1988S0), Neuman (1993s', 1995a~, 1995b67) and Soloman 
(199357 1994) all suggested important capabilities that students must acquire to use 
text-based electronic information resource successfully; Large et aL (1994a, I994b47), 
Perzylo and Oliver (1992'), and Small and Ferreira (1994x') performed the same 
function for multimedia materials. 
One of the enduring works in instructional technology was Malcolm Fleming and 
Howard Levie's (197824) Instructional Message Design: Principles from the behavioral 
Science — re-issued in 1993 as Instructional Message Design: Principles from the 
Behavioral and Cognitive Sciences. The 1993 edition combined findings from both 
traditions of learning theory to specify over 300 research-based guidelines for designing 
instructional presentations in various print and non-print formats — and over 200 of these 
address issues that can be applied to creating components of digital library. Even such 
simple principles as "Purely decorative pictures should be used sparingly" (Fleming & 
Levie, 199315, p.R9) and "Logically organized text is better remembered than poorly 
organized text" (p.208) provided useful insights about how components of the digital 
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library might be organized and presented to increase students' likehood of learning in this 
environment. More complex principles — such as "The acquisition of unfamiliar content 
can be improved via familiar examples, analogies, and metaphors, while such strategies 
are less essential for familiar content" (Fleming & Levie, 19935, p.215) and "The 
presentation of visually richer and more realistic best examples leads to a richer and 
better consolidated prototype resulting in increased transfer" (p.244). "Macro-level 
environments" include both rich collections of resources and tools students use to explore 
them "to pursue interests or needs beyond the parameters typically provided in isolated 
lessons" (Hannafin, 199230, p.58); "Micro-level environments" offered similar arrays of 
materials but focus within more discrete domains. "Mathemagenic environments" 
supported access to various representations of content in a particular area (often through 
hypermedia links) and allowed students to "move rapidly among networks of concepts 
(and) to construct their own sets of relationships within the network" (p.59). Cora Busstra 
(2008) discussed five principles for the design of digital learning material for academic 
education in human nutrition. These principles were as follow: 
Principle]: Motivate the students. 
Digital learning material provides sufficient opportunities to implement these 
principles and to motivate the student. 
Principie2: Authentic learning content. 
Active construction of knowledge can be supported by providing meaningful, 
realistic and authentic learning contexts, which reflect the way knowledge is used in 
"real-life" (Brown JS. Collins A, Duguid P., 199810 ; Honebein PC, Duffy TM, Fishman 
BJ, 199334). Digital learning material provides many opportunities to provide an 
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authentic learning context. For example, digital learning material can be used to provide a 
simulated virtual laboratory environment in which the student can freely design and try 
out experiments (Wilmsen T., Hartog R., Biseeling T., 200298; Diederen J., Gruppen H., 
Hartog R.,Voragen GJ., 20061). 
Prirrciple3: Active Learning. 
Active learning and practice is necessary for strengthen understanding, acquiring 
knowledge and retention knowledge (Anderson JR.. 2000°; Swelter J., Van 
Merrie❑nboer JIG., Paas FGWC., 199f). Especially digital learning material provides 
many opportunities to engage each student individually in studying. With digital learning 
material a broad range of interactive exercises (like drag and drop questions, multiple-
choice questions etc.) and other activities (e.g., interactive simulations, interactive 
practice possibilities for data analysis) can be provided that will stimulate the student to 
learn actively. 
Principle4: Visualization of important concepts. 
An important benefit of digital learning material is the possibility to use dynamic 
visuals (e.g., interactive diagrams, animations and video clips) which are more elaborated 
than figures in text books (Lawalter D.,200369; Mayer RE., 200260). Mayer60 discussed 
that "the promise of multimedia learning is that students can learn more deeply from 
well-designed multimedia messages consisting of words and pictures than from more 
traditional modes of communication involving words alone" (Mayer  RE., 200260). 
Furthermore, it is suggested that well-designed images or diagrams can improve 
understanding and retention of knowledge (Sweller J., Van Merrirflnboer JIG., Pass 
FGWC., 1998; Larkin JH., Simon HA., 1987; Schnotz W., 2002R0). With respect to 
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visualization, the challenge during the design of the digital learning material is to 
investigate which representations (such animations, schemes, pictures etc.) are adequate 
to clarify a certain rule, concept or principle. 
Principles: Reduce unnecessary cognitive load 
According to cognitive load theory, an individual's cognitive capacity is limited. 
There is a certain amount of information, which a student can process at a certain time 
(Sweller I., Van Merrifnboer JJG., Paas FGWC., 1998; Raddeley AD., 19926; 
Kirschner PA., 200242). Digital learning material provides several opportunities to 
prevent cognitive overload. One principle is the use of Just-In-Time (JIT) information 
presentation (Kaster L., Kirschner PA, Van MerrieOnboer JIG, Baumer A., 2001°°). This 
means providing the student with information and feedback at exactly the moment he 
needs this information to perform a task. 
Goodrum, Dorsey & Schwen (1993) described the conceptual and practical 
difficulties in designing an "enriched learning and information environment" that 
accommodates the difficulties that Perkings (199l °) had identified for students operating 
with such a setting: high cognitive load, increased responsibility for managing their own 
learning, and need to adopt an unfamiliar learning process. Scardamalia and her 
colleagues (1989, 199217) had worked for years on the development and refinement of 
CSILE — "Computer-Supported International Learning Environment" — a shell that allows 
students to create their own knowledge base related to classroom instruction by working 
collaborative in an electronic environment to generate hypotheses, ask questions, and 
revise their understanding of that information. Rieber (1990", 1996'=) had explored how 
both animation and elements of simulations and games can enhance students' abilities to 
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focus on and learn from multimedia `micro worlds". Hannafin, Hall, Land, and Hill 
(199431) noted the lack of compelling empirical evidence of how open-ended learning 
environment influence learning and, further, discussed the difficulty of obtaining such 
evidence. Hannafin31 and his group had compiled a set of empirically based guidelines 
for designing interactive multimedia that might provide some insights into how 
components of the digital library might be designed to enhance teaching (Park & 
Hannafin, 1993°9). 
M. A. Gopinath (1996f indicated to the curriculum design that the organization 
of learning experiences for library and information professionals involves vertical and 
horizontal relationships. The vertical relationship among teaming experiences is worth 
reference to time — the first semester, second semester etc. The horizontal relationship is 
in terms of one area to another, for instance, the first semester talks of information and its 
usage; the second semester on system technology and the third semester combines both in 
terms of human computer interface for information access and assimilation. Sridhar 
(199655) discussed the impact of electronic of libraries/media on education that aid all 
types of education — formal, informal, adult, vocational, distance and higher education 
(p.236). Natalie and San Pang (200564) discussed specifically at the process of learning 
between peers in a group and how digital libraries can lend themselves as a learning 
environment towards this purpose. Natalie°° and San Pang according to Tosey & Gregory 
(1990) identified rive characteristics, providing a contextual design for peer learning. 
These five characteristics are Personal Development, Community Interaction, 
Facilitation, Formal Independence, and Boundary Management. NatalieM and San Pang 
concluded that digital libraries could be implemented as learning environments — 
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involving resources, services, tools, and a profiled community of users. Digital libraries 
are potentially highly interactive environments encouraging electronic learning between 
its users. Logue (200352) discussed that the role of libraries in providing instructional 
supports has changed to one of a more dynamic nature in recent years — developing new 
digital resources and services for the purpose of distance learning, teaching aids, or 
support for the academic faculties in students research and coursework. Microsoft 
(2003") in Singapore, many digital libraries have evolved in education. One of the most 
significant implementations is IVLE (Integrated Virtual Learning Environment); 
developed initially by the National University of Singapore. Jose et al. (200219), Kearsley 
(200041) with the proliferation of digital libraries in education, institutions and schools 
are realizing the benefits of digital libraries to provide new opportunities for learning 
activities. Marlion et a159, Mayer and Moreno (20026°) and Rapp et al." cognitive 
psychologists, instructional designers, and others coming from an educational research 
background often highlight the role that digital libraries can play as cognitive tools to 
support the learning and sense- making activities of individual users. This view focuses 
on how people can make use of multimedia resources in digital libraries to construct their 
own knowledge representation, and typically draws on cognitive theories such as 
constructivist learning or those taking a human-interaction processing perspective. 
MacDonald et al. (1999) denoted to that in distance learning literature, this is often 
referred to as 'resource-based learning' which strives to offer learners choices in their 
learning materials and to accommodate individual differences through the provision of a 
wide selection of typically related, multimedia learning resources. As such, resource-
based learning requires learners to grapple with both the topic of study and information 
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seeking and information handling skills, Renninger & Shumar (200271) discussed how 
specific Math Forum services, and participation in the broader Math Forum Community, 
helped teachers to reconceptualize themselves as linking mathematics rather than being 
math phobic, and thus increasing their own personal skills in mathematics and changing 
the way they taught math in their classrooms. M. A. Goncalves (200463) discussed the SS 
framework that Fox and his students at Virginia Tech have been developing a formal 
model of Dl.s based on Streams, Structures, Spaces, Scenarios, and Societies, hereafter 
related to as "58". "Streams" described all types of content as well as communications. 
"Structures" described organizational schemes, including data structures, database, and 
knowledge representations. "Spaces" cover 2D and 3D interfaces, GUS data, and 
presentations of documents and queries. "Scenarios" are specified as system stares and 
events. "Societies" describe both software "service managers" and generic `actors" who 
may be human users or machine processes, or collaborations of one or more of both (see 
table 3.2.3.1). 
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Table (3.2.3.1). 5S Framework (Goncalves, 2004') 
5S Examples Formalization 
Streams Text, audio, video, image Sequence (list) 
Structures Collection, catalog, Graph, Function, Relation 
hypertext, document, 
metadata, taxonomy 
Spaces Used in indexing, browsing, Set(vector, topological, 
and searching services- as measurable, measure, 
well as interfaces probability spaces) 
Scenarios Searching, browsing States, 	events, 	sequences 
recommending (lists) 
Societies Service manages (software). Tuple (relating events and 
Actors 	(learners, 	teachers actions) 
etc.) 
Borgman et al. (20009) observed the use of the Alexandria Digital Library 
Prototype in college-level geography classrooms and labs by both teaching faculty and 
students. Janee & Frew (2002) the Alexandria Digital Library provides an innovative 
resource discovery service enabling users to retrieve geo-reftrenced maps and images 
based on geographic location. Abbas et al. (2002') at the K-12 level examined the use of 
the Artemis Digital Library by middle school students in 32 schools. 
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3.2.4) SCAFFOLDING AND PERSONALIZATION IN 
DIGITAL LIBRARIES 
Nowadays, research in information seeking has shed light on the complexity of 
the process, the different stages embedded within the process, and problems faced by the 
users during information seeking (Hirsh, 199733; Sheraton & Dixon, 2004B2; Fidel or al, 
199921; Ford, 2003; Chou et al., 20001r; Shenton & Dixon, 200)"; Wilson, 199999; 
Watson, 199891). Two prominent research directions in the digital library community 
have addressed this concern: providing task support, and personalizing interactions. Task 
support, to increase the effectiveness of information retrieval systems, researchers has 
realized the importance of providing task-specific support to users (Jarvelin & Ingwersen, 
2004"'). Therefore, a number of studies have appeared such as, the work by Vakkari 
(2000s'. 2001) investigated the information needs associated with each stage in writing 
a master's research proposal. Vakkari95 found that during the three tasks the students used 
stages (pre-focus, focus formations, and post-focus) different types of information. 
Therefore, a number of digital library systems have emerged embed tools and processes 
to support task specific performances. ARTEMIS used a learner-centered design 
(Soloway, (iuzdial, & Hay, 1994°9) to scaffold the inquiry-learning process via 
information seeking (Wallace et al., 1998v`; June Abbas & Soloway, 2002'). In designing 
the ARTEMIS digital library the authors first identified the difficult-to-do task stages and 
then coupled these stages with appropriate tool support. In summary, ARTEMIS provides 
task structuring tools, guiding prompts, and reflection tools to scaffold the inquiry-
learning process. A similar approach has been adopted by the science, mathematics, 
engineering and technology (SMETE) digital library (Andy & Alice M., 20015). In 
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designing SMETE, a deep understanding of the learner and educator's work is used to 
identify four key areas of support within a digital library interface, which are information 
organization, and information search. Personalization, the DELOSINSF Working Group 
on Personalization and Recommender System for digital libraries has suggested that 
digital libraries lacking individual and community-based personalization capabilities 
might be considered as failing their constituencies (A. Smeaton & Callan, 2002" In a 
synthesis of discussions of this working group, Smeaton & Callan" had proposed that the 
future of personalization in digital libraries includes the following research agenda 
challenges: richer user model, innovative personalization and recommender algorithms, 
more flexible user interactions, improved evaluation methods, and increase focus on the 
social effects enabled by digital libraries (A. F. Smeeton & Callan, 2005). Therefore, 
one of the important factors in this research is the interaction and interface 
personalization that it will discuss later in this section. Interaction modeling within digital 
library environments can provide a way to highlight usability issues and identify points of 
support where personalization can be most effective. For example, in the Corporate 
Digital Library (CDL) (Costabile, Esposito, Semeraro, & Fanizzi, 199916), user 
interaction logs are collected and classified into novice, expert, and teacher. DAFFODIL 
is another example of a system that makes recommendations based on analyzing user 
interaction paths (Fuhr et al., 20028). In addition to system development, empirical 
studies have been performed to define a generic interaction framework for digital 
libraries. 6yran-Kinns et al. (200012) defined a five level interaction framework for 
analyzing and designing digital libraries, which are Properties, Causes, Symptoms, 
Traces, and Fundamentals. Interestingly this interaction framework can be used to 
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decompose the popular four levels of search activities in information seeking 
environment (Bates, 1990), which are level] (move), level2 (tactic), level3 (stratagem), 
and level4 (strategy). Faisal Ahmed (20043) noted that exploratory learning environments 
reflect the conviction that students should be responsible for their own learning and 
should be empowered to take control of their learning processes. Under these 
philosophical commitments, learning environments and digital libraries approximate 
human scaffolding. Therefore, one of the basic issues with approaches to enabling 
learning with digital libraries is that learning is considered a process separate from 
information seeking. Due to this underlying assumption, Shallow user models that 
provide superficial personalization are mostly used in digital library personalization 
research. Recent literature has realized this problem and called for deeper user modeling 
for providing adaptive support in digital libraries (Fries-Martine, Magoulas, Chen, & 
Macredie, 200627). Therefore, Jayawardana et al. (2001) discussed that personalized 
information environment (PIE) in a digital library is a framework that provides a set of 
integrated tools based on individual user's requirements and interests with respect to his 
access to library materials. These tools can support active learning by integrating the 
user's personal library and a remote digital library. The user will be able to carry out 
learning activities when browsing the digital library. There are two schemes involved in 
PIE. Material personalization corresponds to facilities for learners to use library materials 
according to their individual requirements such as active consuming and information 
gathering. Collection personalization, on the other hand, captures the learner's content 
and interest from material personalization in order to provide a personalized view of the 
organization retrieving. In PIE, these two schemas of personalization benefit each other 
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by creating the cycle of interaction. Therefore, it is possible the three main active learning 
facilities in the PIE for the digital library. 
In this architecture, there are two main components called DL Browser and 
Personal Document Editor. DL Browser supports the collection personalization and 
Personal Document Editor supports material personalization. Two information-seeking 
tools, which are personalized retrieving and personalized filtering, are provided in the DL 
Browser, On the other hand, tools for active consuming and information gathering are 
available in the Personal Document Editor. The interaction of both the DL Browser and 
the Personal Document Editor provide an interface for the digital library. Jayawardana et 
al. (20003 , 77-84) indicated that the personal documents are categorized according to the 
following areas: Personalized Books, Personalized Articles, Personalized Video(Audio, 
and Notebooks. Personalized Books and Personalized Articles support the learner's 
active reading process, providing personalized view of static library materials. 
Personalized Video/Audio supports active watching and active listening processes and 
gives personalized views of audio-visual library materials. The Notebook, which 
represents the learner's information gathering, allows the user to integrate different 
segments that can be text, images, audio or video together with annotations. Manipulating 
of those personal documents is carried out by personal library functions, which include 
annotating, segmenting, formatting, modifying, organizing and integrating. Therefore, 
Shallow Copy is the main technique that is used to create Segments from the existing 
multimedia library materials. With Shallow Copy, only a pointer to the part to be copied 
is stored, and no physical copy of the material is made. In personal documents, Shallow 
copied segments are used instead of simple hyperlinks. Since the internal representation 
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varies with respect to media type, the design of Shallow Copy technique depends on the 
media type of the selected source. There are three categories, namely open formats 
corresponding to all text encoding such as HTML, XML and ASCII; print formats such 
as Postscript generally contains both text and images together; and Proprietary formats, 
for example Microsoft Word, usually come with an application programmers interface 
(API). A Shallow copied segment consists of three attributes: document identifier, being 
offset address and end offset address. Each segment contains two declarations called 
physical and logical. The physical declaration of document identifier would be URL or 
URL of the source object and it becomes invalid when the object is not retrieved or 
located. Therefore, the contents of the logical declaration will be used to identify it. The 
offset address and end offset address contain values that can be used to retrieve the 
segment from the documents. linage objects are also represented in a variety of formats 
such as JPEG, GIF, and BMP. The internal representation of these image objects vary 
significantly from each other and the platform (operating environment) also effects their 
representation. Since it is difficult to have a unique mechanism to present the Shallow 
copied image segment, we use a virtual coordinate system to map them in order to 
calculate the offset addresses uniquely and it is maintained in a device independent form. 
Furthermore, the virtual coordinate approach used to describe the Shallow segments 
taken from files or print formats. The data type of video/audio data is completely 
different from text and image types, since the appearance of videolaudio data depends on 
the time. Although there are varieties of data formats for their representation, both the 
audio and video data are function of time when they are played. Shallow Copy uses time 
as the user specified parameter to identify segments of audio and video library materials. 
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Therefore, when opening a personal document using the browser, the dynamic video 
sources are generated based on the information in the Shallow video clips of the 
document. Such sources could stay in the temporary buffer during the activation time of 
the personal document but are not stored. Hewagamage et al. (200132) denoted to that the 
Shallow Copy technique demonstrates definite advantages in the case of multimedia data 
types such as audiolvideo data, which take a large amount of storage space. 
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CHAPTER 4 
METHODOLOGY 
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The main objective of this research project was to assess the techniques of Digital 
Libraries. The previous three chapters have discussed a detailed review of the related 
literature, the conceptual framework and important research questions. This chapter will 
describe the methodology adopted for carrying out the whole procedure of research. It 
will describe the variables, the tools used, procedure of data collection and statistical 
analyses. 
4.1 A BRIEF DESCRIPTION OF VARIABLES OF THE 
PRESENT STUDY 
Due to the amount and great variety of information stored, DLs have become one 
of the major Web services (Liaw & Huang, 20038). Thereforere, as literature suggests, 
evaluation of DLs should be capable to capture a panoramic view of learners' opinions, 
able to take into account their characteristics grounded on their perceptions and goals. 
Thus for achieving the objectives of this research, A Model of Learning for Digital 
Library was used, which is a theoretical model that attempts to integrate knowledge and 
experience from the field of education, field of personalized information environment, 
and field of human-computer interaction. This model consists of two components, which 
are defined as Usability and Learning activities, and each of than is a resultant of a 
number of attributes and activities respectively that are considered as evaluation variables 
(see Figure (4.1.1)) which is translated to the Figure (4.1.2) to simplify the research idea. 
The following subsets present analytically the evaluation axes and their components 
attributes and activities. 
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Figure (4.1.1) Model ot- Learning for Digital Library developed by the researcher 
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Figure (4.1.2) Model of Learning for Digital Library 
4.1.1 ACTIVITIES RELATED TO LEARNER (ACTIVE LEARNING) 
Learning is a process of knowledge construction in which the learner carries out 
many activities (Lorenzen, 20019 and Fitzgerald, 19982). Active learning can be 
described as the ability of learners to carry out the activities effectively and efficiently 
while incorporating them into a process of their own education. In active learning, 
learners take responsibility for their own education and study strategies to accomplish 
their academic goals (Lee, 19997). With respect to digital materials, three actions create 
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the tools for active learning (Active consuming, Information Gathering, and Information 
Seeking). Active Consuming is carrying out activities effectively with respect to different 
media types. These include active reading, active listening, and active watching. 
Constructing the user's reference collection with ease is the main concept of the 
information-gathering portion such as copy, download, etc. To provide intelligent support 
in a digital learning environment, information-seeking facilities are needed to locate 
suitable materials such as searching and browsing in our study. Therefore, activities 
(active learning) stands on learner-learning axis, focuses on active consuming, 
information-gathering, and information-seeking tasks accomplishment and aim to support 
interaction between the learner and learning. 
4.1.2 	USABELITY OF THE TOOL (COMPUTER) IN TERMS OF 
EFFECTIVENESS, EFFICIENCY & LEARNABILITY 
Usability stands on the learner-learning axis, focuses on the effective, efficient, 
and satisfactory task accomplishment and aims to support a normal and uninterrupted 
interaction between the learner and the learning. DL community has shown an increasing 
interest in usability and through the research activities a set of attributes have been 
identified such as ease of use, content, management error, ease of learn, learning effort, 
and performance. Previous studies such as Judy Jeng (2005a, 2005b4) focused on 
developing and evaluating methods and instruments for assessing the digital libraries. It 
was found that there existed an interlocking relationship among effectiveness, efficiency, 
and satisfaction. It provided operational criteria for effectiveness, efficiency, satisfaction, 
and learnability. It discovered users' criteria on "ease of use," "organization of 
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infiormation," `terminology and labeling," "visual attractiveness," and "mistake 
recovery". Leamability describes how easy is it for the users to accomplish basic tasks 
the first time they encounter the design (Nielsen, 200312). This leamability consists of 
three factors in the present study which are, ease of learn, learning effort, and 
performance. Satisfaction is an important factor of this study that means the pleasantness 
in the use of the site as well as the way efficiency and the user (Ferris and Pithan, 
20051s) perceived effectiveness of the system. 
4.2 POPULATION AND SAMPLE 
In this research, the population comprised of Taiz University Learners (English 
Language Teaching Background) using different materials of Berkeley Digital Library. 
As Taiz University Learners who have English Language and Web background 
are very limited, so a sample of only 50 learners could be selected by incidental sampling 
method. 
All of them had enough knowledge of Internet, and had used and searched Internet before 
this research. However, they had no idea of using digital libraries web sites. Therefore, 
they were trained for about two months to use BDL web site correctly for browsing, 
searching, navigating, using different multimedia software, and looking for important 
information etc. 
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4.3 TOOLS USED 
In order to collect data the following tools were used. 
I A questionnaire constructed on digital library materials by the investigator. 
This questionnaire consisted of three parts; First part was based on Web-
based experience, which consisted of six (06) questions. Second part 
concentrated on usability and learning activities. This part consisted of nine 
(09) main questions. Third part consisted of thirteen (13) questions and 
concentrated on the usability attributes (Appendix A). Reliability and 
Validity of the instrument are discussed in the next sections (4.6, 4.7). (For 
Normality, see Appendix F & Appendix B for Reliability and Appendix D 
for Factor Loading). 
IF Interviews from the subjects on digital library were also conducted by the 
investigator, which helped the investigator to infer learners' attitudes and 
motivation. This interview consisted of three questions, the first 
concentrating on learners' need, second concentrating on the teaming 
activities available and the third question concentrating on the importance of 
the digital library in English language subject. 
III A test of learnability was also used, which consisted of thirteen (13) 
questions, concentrating on the ability of students to use the system easily 
and rapidly (Appendix E). 
4.4 RELIABILITY OF THE INSTRUMENT 
A measurement instrument is considered to have a high degree of reliability when 
it is consistent and accurate (Mueller, 19861! ). The reliability of the instrument used in 
this study was assessed by using Cronbach's alpha coefficient of consistency. It was 
considerably high with a value of 0.921 with eighty-four items (see Appendix B). 
Table (4.4. fl Cronbach's aloha coefficient 
Cronbat's Ajha 	Cronback's Alpha Based on Slandar&M Heart 	 Na ofIkts 
.921 	 £44 	 tl4 
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4.5 VALIDITY OF THE INSTRUMENT 
The validity of an instrument refers to whether it measures what it is supposed to measure 
(Mueller, 198611). The content validity was established by careful selection of scale 
items, and by submitting the questionnaires to a panel of experts in the field of 
educational technology and research and evaluation to make sure that the questionnaires 
items are qualified to measure the perception towards Learning assessment of digital 
library techniques: Usability, Effectiveness, Efficiency, Satisfaction, and Learnability of 
the students of English Language Teaching. Then, the questionnaires were revised based 
on the suggestions and comments from the panel members. The researcher also modified 
some items of the questionnaires of the pilot study. 
4.6 THE VALIDITY OF INSTRUMENTS (FACTOR 
EXTRACTION) 
There are various ways to check the validity of instruments, such as by determining how 
many factors to extract. Therefore, many researchers rely on the Kaiser rule of extraction 
that is the default option in most statistics packages including SPSS (Thompson & 
Daniel, 1996"). However, the researcher checked the validity of the instrument upon 
finding the study using the Principal Component factor analysis, defined as follows: 
A factor extraction method was used to form uncorrelated linear combinations of the 
observed variables. The first component had maximum variance. Hence, successive 
components explained progressively smaller portions of the variance and were all 
uncorrelated with each other. The principal component analysis was used to obtain the 
initial factor solution. The factor analysis procedure, as shown in Appendix D, indicated 
1 ' 
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that all the 84 items of the questionnaire loaded heavily on three factors that explain 
89.756% of the variance. The result showed that the first factor alone explained 18.757% 
of the total variance. Finally, the principal procedure of component factor analysis by 
using varimax rotation was conducted on the real data that provided two conditions: i) the 
number of factors extracted were seventeen and, ii) coefficients were supported. 
(Tabachnich & Fidell, 199616). The factor analysis procedure, as shown in Table 4.6.1 
indicated that the seventeen factors extracted explained 89.756% of the total variance 
(See Appendixes A-F for more details). 
Table (4.6.1) Factors Loading 
Toed Variance E y1ained 
Cempn.seut 	 IdUal Ellee vfl a 	 Rmaaoo S.mvof sgoer.d InAlny 
Tu1W 	%erv.m. 	Cwub6Ne % 	TouI 	%olVerWOU 	Caulsme% 
1 	15.944 18.757 18.757 	11.929 14.034 14014 
2 15.152 	1782$ 	36383 	9.843 	11.510 	25.614 
3 	9.940 11b96 48176 	9.010 10.600 36.214 
4 6.762 	7.956 	56.232 	7610 	$353 	45.168 
5 	4.605 5411 61.650 	5.311 6.111 51499 
f 3393 	3.874 	65529 	lbll 	1742 	57.241 
7 	3.175 3.736 69.260 	4.165 5900 62.141 
8 2.595 	310 	72.312 	3.7 9 	4361 	16.505 
	
2329 2.740 75.051 	3.267 7.844 	70349 
10 	2.309 	2.716 	77,769 	2.960 	3485 7 3.832 
11 1.883 2.215 	79.984 	2.480 2.918 	76.750 
12 	1.022 	1144 81138 	2.354 	2.164 79.518 
13 1.729 2.4 	84.162 	2.018 2.374 	81.392 
14 	1.190 	L6I5 85.607 	1.786 	2.101 83.993 
18 1.192 EADQ 	87.209 	1.722 2.026 	56.019 
16 	1.114 	1319 86319 	1.600 	1.562 87.901 
17 1.051 1.237 	89.756 	1.571 1.855 	89.756 
18 	.915 	1.077 90.833 
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The Screen Plot figure ensures seventeen factors as shown in the Figure (4.6.1) below 
Scree Plot 
Q 
Component Nunber 
Figure (4.6.1) Screen Plot 
4.7 PROCEDURES (DATA COLLECTION) 
For the purpose of the data collection, the investigator approached each learner 
who had English Language and Web background or at least had experience of searching 
of Web personally and persuaded the learners to supply necessary information 
collectively and frankly. The Berkeley Digital Library was selected to be evaluated for its 
materials (htto:/Iwww.berkeIev.edul) to fulfill the study objectives. 
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Figure (4.7.1) screen shot of main Web page of the Berkeley Digital Library 
There are two reasons for selecting Berkeley Digital Library for assessment. First, 
it is based on the teaching, learning and research needs and it provides access to items of 
broad research value. It does not have much general level search, browsing and help 
mechanisms, and does not have these mechanisms at individual level. See Figures (4.7.2, 
4.7.3,) as shown below: 
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Figure (4.7.3) Berkeley with navigation 
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Secondly, it has a variety of software such as iTunes, QuickTime, and You Tube 
programs that facilitate the download of different media in short time with high speed. 
See Figures (4.7.4, 4.7.5, 4.7.6, 4.7.7) as follow: 
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LIWT* TO t4IKII 4. 	. •. 	.-. 
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Figure  (4.7.4) screen shot of Berkeley iTunes software download 
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Figure (4.7.5) screen shot of QuickTime download 
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Figure (4.7.7) screen shot of different media with different subjects 
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The data collection procedures were as follows: first, subjects were instructed to 
find information about English, Geography, Philosophy, etc. question number 2, and 3. 
and in another question (e.g. number 1) subjects were instructed to find a text titled 
"different places, different people" and so on. Secondly, the students were instructed to 
rate the importance of the digital library through a close-ended questionnaire. They were 
asked to use different scale for different questions for rating, some from 1-5 and other 
using negative and positive answers (No/Yes) in which 1=No and 2=Yes. Before 
questioning started, the investigator copied around fifty papers in different subjects and 
downloaded hundred audios and hundred videos in different subjects. See Figures (4.7.8, 
4.7.9). 
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Figure (4.7.8) screen shot of Audio collections 
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Figure (4.7.9) screen shoot of Video collections 
4.8 STATISTICAL ANALYSES 
The researcher used SPSS program for statistical purposes and used convenience 
techniques such as descriptive statistics (including means and standard deviation) and 
inferential statistics (such as multiple regression). Multiple regression technique with the 
backward method brought the results such as the correlation coefficient between two 
variables (R), the coefficient of determination (R2), and the estimated coefficient of 
determination (adjusted R2). ANOVA with F-value and F-Sig- value of the model and 
coefficients results such as B, 3, t-value, and t-Sig-value were also calculated. 
Moreover, AMOS 5.0 Graphics was used to run the structural model and test the 
hypothesized relationships between the constructs. Maximum likelihood estimation was 
employed to compute structure coefficients between latent variables. Chi-square (X2), 
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Chi-square X2/df, Goodness-of-Fit (GFE), Adjusted Goodness of Fit (AGFI), 
Comparative Fit Index (CFI), Root Mean Square Residual (RMR), and Root Mean 
Square Error of Approximation (RMSEA) were used to evaluate model fit (Joreskog & 
Sorbom, 19965; Meyers, Gamst, & Guarino, 200615. In addition, causal paths were 
interpreted as standardized coefficients in a regression analysis. Predictive power was 
examined with multiple correlations (R`) for each endogenous variable. 
175 
[LEARNING ASSESSMENT Or DIGITAL 11BtaRY TECHNIQUES] 
REFERENCES 
[1] Adams, A., & Blandford, A. (2002). Digital libraries in academia: Challenges and 
changing. In Proceedings of the Fifth International Conference on Asian Digital 
Libraries ( ICADL 2000) (pp. 392-403). 
[2] Fitzgerald, M. (1998). Information, Knowledge and Learning:: The Library in the 
Digital Age. Report prepared for the Marc Fresko Consultancy. 
httn://ukol n.ac. uk/services/nauerslbW l riO7S/content/reoor-20.htm 
[3] Jeng, J. (2005a). Usability assessment of academic digital libraries: Effectiveness, 
Efficiency, Satisfaction, and Learnability. LJBR1, 55(2-3), 96-121. 
[4] Jeng, J. (2005h). What is usability in the context of digital library and how can it be 
measured? Information Technology and Libraries 24(2), 47-56. 
[5] Joreskog, K. G., & Sorbom, D. (1996). LISREL 8 User's Reference Guide. Chicago: 
Scientific Software International. 
[6] Landau Sabine & Everitt Brian (2004). A handbook of statistical analyses using SPSS. 
USA, Florida, Chapman & Hall/ CRC Press LLC. 
[7] Lee, J. (1999). Interactive learning with a Web-based digital library system. Prepared 
for the Ninth DELOS Workshop on Digital Libraries for Distance Learning. 
hupilcourses.es.vt.edu/--cs3604/DELOS. httnl 
[8] Liaw, S. S., & Huang, H. M. (2003). An investigation of user attitudes toward search 
engines as an information retrieval tool. Computer in Human Behavior, 19, 751-
765. 
[9) Lorenzen, M. (2001). Active learning and library instruction. Michigan State 
University. htto://www.libromeference.org/activebi.html 
[ID] Meyers, L., S., Gamst, G., & Guarino, A. J. (2006). Applied Multivariate Research: 
Design and Interpretation. Thousand Oaks, CA: Sage Publication, Inc. 
[111 Mueller, D. (1986). Measuring social attitudes: A handbook for researchers and 
practitioners. New York, NY: Teacher College Press. 
[12] Nielsen (2003). Usability 101: Introduction to usability. Useit.com: Usable 
Information Technology. Use Net Alterbox, August. Disponivel em: 
hm:/lwww,useit.comla1terboxl2003OS25.htnil. 
176 
I IARNING ASSESSMENT OE DIGITAL LIBRARY TECHNIQUES] 
[13] Owen, C., G., Sunderraman, R, Zhang, Y. (2D00). Thedenelopmenrofadigital 
library to support the teaching of computer graphics and visualization. Computer 
& Graphics 24(4): 623-627. 
[14] Stelmaszewska, H., & Blandford, A. (2004). From physical to digital: A case study 
of computer scientists' behavior in physical libraries. International Journal on 
Digital Libraries, 4(2), S2-92. 
[l5] Sueil Mara Ferreira, Denise Nunes Pithan (2005). Usability of digital libraries: a 
study based on the areas of information science and human-computer-interaction. 
IFLA General Conference and Council, Oslo, Norway. 
[16] Tabachnick, B. & Fidel[, L. (1996). Using mulrivafate statistics. New York, NY: 
Harper Collins College Publishers. 
[17] Thompson, B. & Daniel, L. (1996). Factor analytic evidence for the construct 
validity of scores: A historical overview and some guidelines. Educational and 
Psychological Measurement, 56(2), 197-208. 
[18] Vijay Gupta (1999). SPSS for Beginners. (lSt Ed.), VJBooks Inc. 
[ 19] Hair ]F, Anderson RE, Tatham RL, Black WC (1992). Multivariate Data Analysis 
with Readings. New York: MacMillan. 
177 
LEARNING ASSESSMENT OF DIGITAL 13BRARV TECNNIQOESI 
CHAPTER 5 
RESULTS, INTERPRETATION AND 
DISCUSSION 
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5.1 RESULTS AND INTERPRETATION 
To answer the research questions and to test the hypotheses of this study, the 
researcher has used several statistical techniques as mentioned in the previous chapter, 
(chapter 4). By using AMOS 5.0 Graphics program, estimates of squared multiple 
correlations, overview of structural equation modeling (SEM), structural equation 
modeling (SEM) analysis, overall Goodness-of-Fit statistics, and overall Goodness-of-Fit 
of the Model have also been presented. For the sake of convenience of presentation the 
entire chapter has been divided into three sections: 
Section 1: Study of various variables by using multiple regressions, 
Section R: Analysis of the Structural Model by using AMOS 5. 
Section 111: Analysis of the Students' Comments. 
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SECTION I: STUDY OF VARIOUS VARIABLES BY USING MULTIPLE 
REGRESSION 
Table (5.1.1) Summary of all variables: Values of R, R', and Adjusted R square 
,yby R RSgwarr Adusle6 K Squmr 
1 .ffi5 a .6Q6 
2 .462 114 NO 
3 .639 4(9 AI3 
4 .563 .317 19 
5 .ru as .474 
6 .892 •75 1942 
7 .974 .9 .941 
B S23 478 .649 
9 .191 AM -.019 
10 .711 in .474 
11 .219  
12 230 .09 -.054 
13 .639 .409 342 
14 .395 .156 .120 
15 .647 .419 367 
16 .755 .!]a 310 
17 .617 .1 .341 
IS .247 .061 .041 
The table (5.11) above indicates the correlation coefficient R, coefficient of 
determination R2, and the estimated coefficient of determination Adjusted R Square. It 
may be noted that the correlation coefficient was highest between "students' experience" 
and "Internet variables" (R-0.974) (Model number 7 above). The correlation coefficient 
between "usability" and "sarJsfaction" was found to be R=0.892 (Model No. 6 above). 
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The detailed analysis of the latent variables under usability showed that the 
correlation in between "effectiveness", "efficiency" and "satisfaction" (for reading text) 
was R=0.835 (Model No. 1). 
Moreover, the correlation between "!earqS6i!uy" and "ease of learn" was found 
to be very high (R=0.823) (Model No. 8). However, "learning activities" and 
"sa!isfac7ion" (for listening to audio), showed a correlation value, R=0.755 (Model No. 
16). The value of correlation between "time spent' for reading text and "satisfaction" 
came to be R=0.71 I (Model No. 5). The same value was obtained for a correlation 
between "efficiency" in reading text and `Aancfadion" (Model No, 10). 
So far as video watching activity is concerned, the value of correlation between 
"learning activities" and "satisfaction" was. R=0.647 (Model No. 15). The correlation 
value for "number of step.?' involved in video watching and "satitjactean" was reported 
to be, R=0.639 (Model No. 3), and finally, between "learning activities" and 
"satisfaction" for reading text was found to be, RO.617 (Model No. 17). 
Table 15.1. lal. Correlation Matrix 
Enective a E.fflciacy Efficiency Sansfenion Leemebility Aai'e Infnmvtion Information 
Time 5 Cansumin Gathng Seeking  
E(Cativenss I .889.4 - A 	.. 6RI•• 619•' uA'• 992+• 922•• 
Etficimry 1 -.669° 486' •6454' -.559° .716" -758•• 
Time 
Ef5a.ry 1 ]18^ 812'• .831•' -819•• -623•• 
Sflbsfecnon I 7824• WA'• 563•* 537• 4  
Lnab6 1 -.717" -.654" -590'• 
Active I 539'• .662'' 
Coasum 
W.W. I .887'• 
CuWmn 
Infpnatim  
Seek log 
ss,6mnnt t Inc no, ve](to iled)  
CxManmt slgnificsnt al dx 005 levtl(2-mi1M) 
It is noted that the variables in the correlation matrix highly correlate each other in two 
levels which are 0.01 (*•) and 0.05 (') as mentioned in table (5.1 la). 
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Table (5.1.2) Analysis of Variance between variables 
1 6 16361 .8W 
2 $ 'Mt .I21 
3 3 6.016 .888 
4 4 5.213 .801 « 
5 3 I5911 AN 
6 to I5.126 .Rm 
7 4 317.119 .808 
S 4 23.700 .aro - 
9 s .315 316 
10 3 It'll A08 
11 5 .AG .816 
12 5 .S .779 
13 5 6086 .000 
14 2 4333 .018 «• 
IS 4 1111 .888 
16 6 9.496  
17 3 9.439 Alp • 
IS 1 3.101 .084 
*=P<.001, ••=P<Ol, and ***=P<.05 indicate the significance level 
Table (5.1.2) explained the results of ANOVA, which indicated the significance level 
associated with observed value F. The significance levels are expressed as *=P<.001, 
•*=P<.Ol, and ***=P<.05. 
All values were found significant except the following: "efficiency" & 
"sadsfacfion2" (listening audio), "number of steps" & "sa8sfacrion!" (reading text), 
"number of steps", & "san.sfactiD72' (listening audio), "rime spent' & "satisfaction?' 
(listening audio), and "learning activities" & "ease of learn" (reading text) see Figure 
(5.1) below. 
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The details of all significant relationships between the observed variables are 
presented in the following tables (table (5.1.3) to table (5.1.20)). 
2CX 
	 S 'jg o._ OG1 
—s— R 
—.—F 
I1 
100 
	
A 	~ 
So  
~ 	 t 
• ) 	 • 	 j • j . 	 • —• •._ 
0 ■-s-1-I-■-■-■-■-■=■-■-■=_--■-■-■-1 
Figure (5.1) Summary R and F 
1) RELATIONSHIP BETWEEN EFFECTIVENESS, EFFICIENCY, AND 
SATISFACTION (QI) 
Research Question No. 1: "Do the effectiveness and efficiency of using the digital 
library materials have influences on students' satisfaction?" 
Hypothesis No. 1: The levels of effectiveness (of digital libraries) will have a 
significant impact on learner's efficiency and satisfaction." 
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Table (5.1.3) Relationship between effectiveness, efficiency, and satisfaction: 
unstandardi7ed and standardized coefficients 
Model rInslnd•rAiz.d 
Cocmck.b 
Smndsdiud 
cotfrieiWo 
B Ike I 
1 (Co®tsnl 39 6955 
nme l4 BDnry Me • 
ypet copy of a-) Eduinlb. 
mM 
.5% .304 3.175 .003(`•) 
r-)WheweIneroxc.k 
thew . 
.910 .435 -.520 .000(1) 
Foul ime .20 no 2.m6 
xbte -o5ecrrcYeo 	nme .607 -1305 -t503 
Teau c 	worndYIm. JSB .962 tlst 
M.mM -.159 .153 -1.777 .0a3 
=P<,001, "=P<,Ol, and """=P<.05 indicate significance level. 
Table (5.1.3) above indicated relationship between the dependent variable 
"satisfaction/" (reading text) with the predictors: 
i. Does the library have a paper of the following education history? (t=3.176, 
P=.003), 
ii. What use in economic theory (t--4.520, P=.000), 
iii. Time spent to reach the answer for education history (t=2.876, x.006), 
iv. Time spent to reach the answer for history of social theory (t=-5.503, 
P=.000), 
v. Time spent to reach the answer for teaching English to the world (t-4.251, 
P=.000), and the results were found to be significant. 
On the basis of above results, the hypothesis I was accepted that, "The levels of 
effectiveness (of digital libraries) will have a significant impact on learner's efficiency 
and satisfaction." Inversely, the relationship between the "number of steps" to reach the 
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answer for "does the library have a paper of different place, different people?' (r-1.777, 
P=.083) was found to be non-significant. 
Therefore, the researcher tested the prediction that asks, "If the library has a paper 
copy of education history ...etc." The model was significant with R—.835, R2=.698, F (6, 
43) =16.564, P<.00l. Its predictors such as: 
	
I. 	Education history (p=.304, p=.003), 
ii. 	What did economic theory use? (r3--.435, N.000), 
ui. 	Time spent for finding the education history Q3=.728, P=.006), 
iv. 	Time spent for history of social theory (0=-1.305, P=.000), and 
v, 	Time spent for teaching English to the world ((1=.962, I=.000), are the 
only significant predictors for the digital library's paper copy which is one type 
of the learning materials. 
Thus, hypothesis 1 was supported by accounting for 69.8% of the variance for 
paper copies that are available in the digital library. After the hypothesis I was supported, 
the researcher decided to see if including other factors could increase the explanatory 
power of the model. Examination of the correlations between the predictors indicated a 
considerable negative correlation between various variables, (see Appendix A). 
Therefore, three regressions were run each including only one of the correlated 
predictions. First two regressions models were significant with the best model results. 
In the first model, when the paper entitled different places, different people and 
the time as mentioned above were included, the values of R=.711, R2=.506, F (3, 46) 
=15.718, P .000<.001 were obtained. Predictors such as: 
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i. 	Time spent for answering what use in economic theory paper ((3=.570, 
P-.013<.05), 
u. 	Time spent for answering the history of social theory ((i—.974, 
P=.001<.01), and 
iii. 	Time spent for answering teaching English to the world ((3=1.016, 
p=.000tDOI) were significant predictors for efficiency of the digital library. 
In the second significant model, all mentioned variables, except the "rime spent' 
for answering, were found significant with values, R=.675, R2=.455, F (3, 46)°12.804, 
P=.000(001. Here, the predictors such as: 
i. What did economic theory use? ((3=-.260, x.033<.05), 
ii. Time spent for answering education history paper ((i=.956. F=.001<Al), 
and 
iii. Time spent for answering the paper entitled history of social theory ((3=- 
.520, P=.045<.05) were marginally significant. 
Finally, the "number of steps" to reach the answers, released the new model but 
unfortunately this model was not significant, with F (3, 46) =1.208, P=.3I8>.05. In other 
words, the "effectiveness" and "efficiency" of using the digital library materials have 
influences on the students' satisfaction (see Figure (5.1.1) below). 
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Figure (5.1.1, b) influence of effectiveness & efficiency on satisfaction 
Influences of Effectiveness and Efficiency on satisfaction (HI) 
This finding contributes to both confronting and expanding ways to seek 
knowledge as the "effectiveness" and "efficiency" influences on students' "satisfaction". 
A few empirical organizational studies also confirm that the "effectiveness" and 
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"efficiency" have influence on students' "satisfaction", such as the work of Nielsen 
(1993)46 discussed the efficiency and satisfaction as attributes of the usability, and Judy 
Jeng (2005a, 2005b) 30' 31  discussed the relationship among effectiveness, efficiency, and 
satisfaction. Thus, in the present research the results were positive and answered the 
research question (RQI) "Do the effectiveness and efficiency of using the digital library 
materials have influences on students'. satisfaction?" in affirmation. 
The present finding emphasize that many factors influence upon students' 
"satisfaction" while using the digital library materials. The hypothesis I as shown in this 
chapter accounted for 69.8% of variance. Hence, it can be concluded that the students 
were satisfied with searching documents or papers that were available in BDL and did 
many tasks such as copying and reading these papers or e-books. These findings support 
Judy Jeng (2005a, 2005b) 3.31  empirical results. 
2) RELATIONSHIP BETWEEN EFFICIENCY AND SATISFACTION (Q2) 
Research Question No. 2: Does the efficiency of using the digital library materials have 
influences on students' satisfaction? 
Hypothesis No. 2: "The levels of efficiency will have a significant impact on learner's 
satisfaction." 
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Table (5.1.4) Relationship between Efficiency and Satisfaction (Q2): Unstandardized 
and Standardized Coefficients 
Madel Umnodardb<d Coemcieua SIaSardittd 
c.elr Kw 
B Bets 1 
2 Cowt..t 0.275 5430 
Ise. d.%bne In Aid an Aodlo 
abo.t rt E 	ish Seb cR 
.931 1.123 2.114 .N4(•*+) 
b 	PhiIoeo h .882 1.141 1.191 .081 
C-) Hkto -.461 -.934 -1.696 .098 
e4sath1ke -1.634 -1191 -2.667 AH 
EtIihTIat .571 3,753 3.M6 
FlntoryTiwe -336 -2.112 .2.303 
h nme -.sra a.xa 42 .O2(*s)  
StaWdaThve ,33t 1015 1.146 .OYI . ikpendeat V.riabk: Plfv, rank the ne oftbe S In2 
•=P<.001, "=P<.Ol, and •"=P<.05 indicate significance level. 
The relationships between the predictors such as: 
i. Use a database to find an audio about statistics (t=-2.667, P.011), 
ii. Time spent for English subject (t=3.006, P=.004), 
	
W. 	Time spent for history audio (t=-2.303, P=.026), 
iv. 	Time spent to reach the answer for geography audio (t=-2.263, P=.029), 
and the dependent variable "ease of use the sysfem" were found to be 
significant. 
Therefore, the hypothesis 2 was accepted that, "The levels of efficiency will have a 
significant impact on learner's satisfaction". 
Inversely, the predictors such as: 
i. Use a database to find an audio about philosophy (t=1.791, P=.08 I). 
ii. Use a database to find an audio about history (t=-1.696, x.098), 
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iii. 	Time spent to reach the answer for "statistics question" (t=1.846, P=.072), 
were not significant. 
3) RELATIONSHIP BETWEEN EFFICIENCY AND SATISFACTION (Q3) 
Table (5.1.5). Relationship between Efficiency and Satisfaction (Q3): Unstandardized 
And standardized cnefficienis 
Model Uruiderdisd Ceenkkvb Stann.Tnized 
fcenkkots 
B Bete I S.  
3 Cort.nt .971 .897 J]S 
6 0 	nl_eoa or and IS I. 4.119 
N) Shell P 	nmu -I.83! .1.350 -3.812 
0. Amloe -356 -.423 .2.296 
o- AIBnS.nelil.Bd 1.111 1.320 4857 
L Cacenl Fs <hW -661 .691 .3.035 
• Depageni Verhhk: Pkue, rant the can Drib. Sakm3 
•=P<.001, **=P<.O1, and  '=P<.05 indicate significance level. 
The relationships between the dependent variable "satisfadion3" (watching 
video) and the predictors such as: 
	
I. 	Use a database to find a video about organization of body video (v=4.719, 
P=.000), 
ii. Shell programming video (t=-3.812, P=.000), 
iii. Amines video (t=-2.296, P=.026), 
iv. Atoms and heart video (t=4.857, P=.000),and 
v. General psychology video (t=-3.035, P=.004), were significant. 
Therefore, the hypothesis 2 was accepted. 
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4) RELATIONSHIP BETWEEN EFFICIENCY AND SATISFACTION (Q4) 
Table (5.1.6) Relationship between Efficiency and Satisfaction (Q4): Unstandardized and 
standardized coefficients 
Model Unenodsrdlod 
CaI1locsb 
Suoderdlz.d 
Ceellkke4 
B Beta 
5 Combat 2,328 9.217 
EeoepnkTko Time .235 .510 2.594 .0I3("')  
HbIo nlscbrmeo 	Ime -Ail -.974 3413 .001 •• 
Tnc 	E lQWorWTIme J78 1.016 1361 
• Depdeni Varhbk: Plea, nnk these of the 5 teml 
'=P<.OU1, eY=P<.UI, and "•=P<.05 indicate significance level. 
The predictors as shown in table (5.1.6) explained the relationship of "efficiency" 
(time category) with the dependent variable ` sahsfactionl" (reading text) — (efficiency in 
this study was measured by time spent and number of steps involved to reach the answer 
of a question.) 
The relationships between the predictors such as: 
i. Time spent to reach the answer for "does the library has a paper form of 
use in economic theory?" (t=2.594, P=.O13), 
ii. Time spent to reach the answer for "does the library have a paper of 
history of social theory?' (t=-3.433, P=.001), and 
iii. Time spent to reach the answer for "does the library have a paper of 
teaching English to the world?" (t-4.261, x.000), were significant. 
Therefore, the hypothesis2 was accepted. 
The hypothesis 2 explained the 'efficiency" in using digital library materials in 
terms of the "number of steps" to reach answers and the time spent. Since there were 
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three categories: paper, audio and video, therefore, three multiple regression techniques 
were used to analyse the relationships. 
In the first multiple regression, the result was significant with R=.711, R2=.506, F 
(3, 46) =15.718, P=.000<.001. The predictors namely: 
i. Time spent for answering what use in economic theory paper (j3=.570, 
1=.013<.05), 
ii. Time for answering the history of social theory paper (P—.974, 
P=.001<.01), and 
iii. Time for teaching English to the world paper ((1=1.016, P=.000<.001) 
were the only significant predictors. 
In the second category, the result was unfortunately not significant, with R=.462, 
R2=.214, F (8, 41) =1.394, and P=.228>.05. And the predictors namely, 
i. English subject audio (0=1.123, p=.032<.05), 
ii. Statistics audio ((3=-2.391,1.011<.05), 
iii. Time spent for answering English subject audio (p=3.754, P=.004<.01), 
iv. Time spent for answering history audio ((i=-2.112, P=.026<.05), and 
v. Time spent for answering Geography audio ((i=-3.388, P=.029<.05) were 
found significant. 
Fortunately, the final model (video category) was significant, with R=.639, 
R2=.409, F (5, 44) =6086, P=.000<.00 I. The predictors such as: 
i. Number of steps to reach Organization of Body video ((i=1.569. 
1=.000<.00I), 
ii. Shell Programming video ((3=-1.350, P=.000<.001), 
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iii. Amines video (13=-.423, P=.026<.05), 
iv. Atoms and Heart video ((3=1.320, P=.000<.001), and 
v. General Psychology video (1=-.691, P=.004<.01) were significant 
predictors. 
Based on the above results, the hypothesis 2 can be accepted except in the 
category of listening audio, which was not supported. These results accounted for 50.6%, 
40.9%, and 21.4% of variance for reading text, watching video and listening audio 
respectively. See Figure (5.1.2) below. 
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Figure (5.1.2, a) Influences of Efficiency of the Digital Library on students' 
Satisfaction 
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Figure (5.1.2, b) Influences of Efficiency of the Digital Library on students' Satisfaction 
Influences of Efficiency on satisfaction (H2) 
In this research, "efficiency" of using the digital library was studied in terms of 
reading papers, watching video and listening to audio. The findings in the first and 
second aspects supported the hypothesis 2 and accounted for 50.6% and 40.9% of 
variance respectively. These findings supported the findings of Nielsen (1993)46, 
Blandford & Buchanan (2002), Judy Jeng (2005a, 2005b) 30,31•  
However, considering the third aspect (audio), the hypothesis 2 was not 
supported, since it accounted for only 21.4% of variance. The RQ2 was affirmed for the 
first and second aspects of this hypothesis 2 but failed in the third aspect because of the 
reason that students may be more interested in reading papers, documents, e-books, or 
watching videos for different subjects but they have not much interest in listening to 
audio. 
The above findings support the findings of Todoran Horea (2002)27, Christel et al. 
(1997), Plass and Homer (2002)49, Kosiedowski et al. (2007)45, and Dillon and Gabbard 
(1998)20 empirical results. 
194 
ILEAW4ING ASSESSMENT OF DIGITAL LIBRARY TECII MQUES I tUIMUIEt 
5) RELATIONSHIP BETWEEN EFFECTIVENESS AND SATISFACTION 
Research Question No. 3: Does the effectiveness of using the digital library materials 
have influences on students' satisfaction? 
Hypothesis No, 3; "The levels of effectiveness will have a significant impact on learner's 
satisfaction.' 
Table (5.1.7) Relationship between Effectiveness and Satisfaction: Unstandardized and 
standardized coefficients 
Model UmbtdSrAIUA Cankkme S6nErrElisd 
c'i[Itkiii, 
B Beta t 
4 Cmtxm t149 7.403 
De [he library liver ryper 
copy of-) EdocticsHistory? 
.477 .244 1" .x71 
c-)Wiatmc to eroeumic 
to ? 
-1.202 -.574 4094 •000(') 
6 nbW 	utsocblTEm . 347 .216 1.951 
eJTeotMngEnlbhtathe 
World? 
.594 .242 .LV!) .11444"') 
aDe 	em VaSbIe; Pkp nok at vas. nftbc Sy.Isral 
* P<-001 and **s P<-05 indicate significance level. 
When the relationships between "effectiveness" predictors and the dependent 
variable "satisfaction]" were analysed, the predictor "does the library have a paper copy 
of education history" (t=1.848, P=.071) was not found significant (Effectiveness in this 
study was measured by the instance of correct answer). 
Inversely, the predictors; 
i. What use in the economic theory (t=-.4.094, P=.000), 
ii. History of social theory (1=1.857, ]=.040), and 
iii. Teaching English to the world (t=-2.073, Pm044), were significant. 
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Therefore, the hypothesis3 was accepted. 
The values of R=.563, R2=.3t7, F (4, 45) =5.213, 1=.002<.01 were significant 
and the hypothesis 3 was partially supported (with paper categories) accounting 31.7% of 
the variance in effectiveness of the digital library materials use. The predictors namely, 
i. What use in economic theory paper (p=-.574, P=.000<.001), and 
ii. Teaching English to the world (p=-.292, 1=.044<.05) were the only 
significant predictors. 
Since the correlated predictors were found positive, the program was not rerun 
with these predictors. Hence the research question 3 was answered in affirmation. 
The figure (5.1.3) below illustrates the Influence of effectiveness on students' 
Satisfaction. 
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Figure (5.1.3, a) Influence of effectiveness on students' Satisfaction 
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Figure (5. L3, b) Influence of effectiveness on students' Satisfaction 
Influence of Effectiveness on Satisfaction (H3) 
The influence of predictor variables in this research as indicated by "PapEdu", 
"PapDff," "PapHis", and "PapTE" — were also supported by other researchers (Judy Jeng 
2005a10, 2005b3 ; Collins, Mane, Martinez, Hussell, Luce, 200516; McCown, Bollen, 
Nelson, 200510). 
The findings show partial influences of "effectivenni' on students' 
"samtfactian" accounting for 31.7% of variance. This means that the RQ3 was partially 
fulfilled. However, when students were further inquired about PapEdu, PapDff, 
PapUseco, PapHis, and PapTE?, 50% of them said yes for PapEdu (with M=1.50, 
SD=0.505), 20% of the students said yes for PapDff (with M=1.20, SDO.404), and 32% 
of the students said yes for PapUseco (with M=1.32, SD=0.471). On other side, 42% of 
the students said yes for PapHis (with M=1.42, SD-0.499), and 64% of students said yes 
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for PapTE (with M=1.64, SD0.485). This finding is similar to the findings of Judy Jeng 
(2005a, 2005b) 40' j' empirical study on "effectiveness" and "satisfaction". 
The reasons behind the above finding may he that the students had experienced 
Web Sites such as Google, Yahoo, etc. in their University. They used to visit Internet 
cafe and search for some information through reading text, documents and e-books to 
complete their learning tasks. 
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6) RELATIONSHIP BETWEEN LEARNING ACTIVITIES, USABILITY 
AND SATISFACTION (POST-TEST) 
Research Question No. 4: What are the influences of learning activities and usability on 
the ease of use of the digital library? 
Hypothesis No. 4: "The levels of learning activities and usability will have a significant 
impact on ease of use of the digital library". 
Table (5.1.8) Relationship between Usability and Satisfaction (Post-Test): 
Unstandardized and standardized coefficients 
Nodes Iiaasdrrdiad Coefficients Standardized 
Coemclents 
B Bea t 
6 Constant 2.026 2.137 .039(*)  
Does the library have -.627 -.383 -2.036 .049(•••) 
Bobs to the Journals? 
Can you download a .474 .261 2.521 .016(•••) 
video about Skeletal 
System?  
Can you copy a paper -.815 -.491 -4.104 .000(•) 
addressed by Elizabeth 
Alice hoeing 
Curriculum? 
b-) Picture .831 .774 7.975 • .000() 
c- Color -.248 -.249 -2.580 .0t 	••• 
d 	Text .730 .754 6.391 • 
is the site visually -.529 -.573 -3.646 .001(**) 
attractive? 
Can you recover from the .339 .426 4.357 .000(•) 
mistakes easily? 
Your overall reaction to -.690 -.772 -4.401 .000(•) 
the system 
Do you feel lost when .843 .507 4.815 .000(•) 
n si 	the stte' 
a. 	 t Variable: Please, rate the ease of the Use of the Web-Site 
*=P<.001, **=P<.01, and ***=P<.05 indicate significance level. 
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Analyzing the relationships between "learning actvfles" and "usability" 
predictors (independent variables) and the "ease of use", (the dependent variable) as 
mentioned in table (5.1.8) the results supported the hypothesis 4. The relationships 
between predictors: 
i. Does the library have links to the Journals? (browsing, t=-2.036, P=.049), 
ii. Can you download a video about skeletal system? (information gathering, 
t-2.521, P=.016), 
iii. Can you copy a paper addressed by Elizabeth Alice Honing? (t=-4.104, 
P.000), 
iv. Picture ranking (watching, t=7.975, P=.000), 
v. Color ranking (t=-2.580, P=.014), 
vi. Text ranking (reading, t=6.391, P=.000), 
vii. Is the site visually attractive? (usability, r--3.646, P—.001), 
viii. Can you recover from the mistakes easily? (t=4.357, P=.000), 
ix. Your overall reaction to the system? (t=4.40 I, P=.000), and 
x. Do you feel lost when using the site? (t=4.815, P.000), and the dependent 
variable "ease of use of the Web-site" were all found significant. 
The predictors under "learning aetiurtks" were tested via information gathering 
(copy papers, download audios and videos), information seeking (searching and 
browsing), and active consuming (reading text, listening audio, and watching video). 
The model was significant with values of R=.892, R2=.795, F (10, 39) =15.126, 
P=  .000<.00l. The Predictors such as: 
	
i. 	Does the library have links to the Journals? ((t=-.383, P=.049<.05), 
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ii. Can you download a video about Skeletal System? ((3=.261, P=.016<.05), 
iii. Can you copy a paper addressed Elizabeth Alice Honing Curriculum? (p— 
.491, P=.000<.00 I), 
iv. Picture ([i-.774. P=.000<.001), 
	
V. 	Color ((i=-.249, FF.014<.05), 
vi. Text (p=.754, P=.000<.001), 
vii. Is the site visually attractive? (13=-.573, P=.001 <.01), 
viii. Can you recover from the mistake easily? (p=.426, P=.000<.001), 
ix. Your overall reaction to the system (p—.772, P=.000<.001), and 
x. Do you feel lost while using the site? ((f-.507, P-.000<.001) were 
significant predictors for "learning activities" and "usability". 
Thus, the hypothesis 4 was fully supported via `Yearning activities" and 
"usability" accounting for 79.5% of the variance. 
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Influences of Learning Activities and Usability on Ease of Use (H4) 
Several studies have been conducted on information seeking (Jayawardana, 
2001n; McNally, Kuhlthau, 199441; Fine, 1984"; Kuhlthau, 199336; Marchionini, 
1989?). Jayawardana (2001)'s discussed that personalized information environment 
(PIE) in a digital library was a framework that provided a set of integrated tools based on 
individual user's requirements and interests with respect to his access to library materials. 
These tools can support active learning by integrating the user's personal library and a 
remote digital library. McNally and Kuhlthau (1994)61 described how information 
seeking consists of both undirected and highly directed activities — undirected searching 
that leads to unexpected links, or discrepant events related to their topics, and highly 
directed searching for finding specific information. 
Fine, (19S4)23 suggested that individuals engage in information seeking for a 
number of reasons: to reduce ambiguity; increase their ability to cope with situations, to 
make decisions, to locate information that will lesson their anxiety, or more toward a 
desired goal. In a sense, the seareh event involves problem solving, not simply 
information finding. It is comparing student activity to the research behavior: of 
scientists. Kuhlthau (1993)36 suggested a conceptualization beyond merely seeking and 
gathering information to a more rigorous constructive process of using information to 
solve the problem which initiated the information need. Marchionini (1989a)J8 defined 
information seeking as a special case of problem solving where learners recognize and 
interpret an information problem, establish a plan of search, conduct the search, evaluate 
the results, and if necessary, iterate through the process again. 
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Several other theoretical perspectives of learning and leaching, learning and 
multimedia, learning materials, and learning outcomes (Wu, Witten, 200661; Marehionini, 
Paisant, Komlodi, 200339; Fuentes, C. A., 2003'; lane et al., 2003; Borgman et al, 
2000), framework of usability (Kasslm, Kochtanek, 200373; Kengeri et al., 19975°; 
Shneiderman, 1998°2, Nielsen, 1993"x; Blandford & Buchanan, 20031; Judy Jeny 2005a30, 
2005b31), and information gathering (Brockman, Neumann, Palmer, Tidline, 200110) are 
also reviewed. They noted, "As scholars were finishing one document, they made notes 
of idea they had to expand for another publication. They ran searches to fill in gaps in 
their bibliography or quickly checked something, communicated with friends in other 
places who were helping them gather information, or kept up with departmental 
discussions about administrative issues" (Brockman, Neumann, Palmer, Tidline, 200110, 
pp.27). 
The findings at this level proved that there are influences of the levels of 
`learning acriviiies" and "usability" on the ease of use of the digital library. This finding 
supports the hypothesis 4 and answers the RQ4 by accounting for 79.5% of variance. The 
subjects were asked about various learning activities and it was noticed that 66% of the 
students said yes for Jor (with M=1.66, SD= 0.479), 64% of them said yes for Mgzn (with 
M=1.65, SD0.485), 76% said yes for DwnV (with M=1.76, SIk0.431), 74% said yes 
for DA (with M°1.74, SL0.443), 68% said yes for CpyP (with M=1.68, SJ O.471). 
However, 64% said the sound was medium whereas 26% said it was clear (with M=2.84, 
SD= 0.584), 20% said the picture was very clear, and 46% said it was clear (with M=2.14, 
SD0.729), 10% said the color was very clear, 44% said it was clear whereas 38% said it 
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was medium (with M=2.44, SD=0.787), and 10% said the text was very clear, 30% said it 
was clear, and 50% said it was medium (with M=2.60, SD=0.808). 
On the other hand, 10% said Orglnfo was very clear, 40% said it was clear, and 
40% said it was medium (with M=2.50, SD=0.814), 12% of them rated Anrc to be very 
high, 54% said it was attractive, and 22% said it was medium (with M=2.34, SDO.848), 
20% of the students responded about Ractn to be fully satisfied, l8% said it was 
satisfying, and 54% reported about medium level satisfaction (M=2.74, SIk0.876). 
Furthermore, 32% of the students said yes for being Lost (with M=1.32, SD0.471), 
whereas, 62% of the students said yes for the Nvgt (with M=1.62, SD= 11.490). 
These findings were similar to the findings of Jayawardana (2001)29, Marehionini, 
Paisant, and Komlodi (1998)39, and Judy Jeng (2005a, 2005b) 70. 31  empirical results and 
also supported content-based image retrieval concepts in categories of color (Rui et al., 
19995; Del Bimbo, 19999), texture (Haralick, 197926; Tamura, Mori, and Yamawaki, 
197805; Picard and Minka48; Manjunath and Ma, 1996"), shape (Mehrotra and Gary, 
199542), and text and image (Chen, 2006). For more details see Chapter 3. 
7) RELATIONSHIP BERWEEN EXPERIENCE AND INTERNET USE 
Research Question No. 5: What are the impacts of students' experience on using Internet? 
Hypothesis No. 5: "The levels of learner's experience will have a significant impact on 
using the Internet. " 
206 
ILEARNPIC ASSESSMENT OF DIGRAL uBRART TECHF1OUES 
Table (5.1.9) Relationship between Experience and Internet: Unstandardized and 
tl4ori2rrFi)eri rnetfirirnt, 
Medal UnbnEUrEbsE SlaoE4rtlize6 
CuRMkeb CoerlRkeh 
a B!n I 5 
l Cnuunt -fur -7.523 
Du Ymz Snr<h mMI orrour .81 O .195 4551 .000M 
taIofmmba reg.Inmtoo from 
Web she? 
Arerou,lbrkdtu)ntrneruf -.na ,1E2 -4955 .000Ih 
irr Jour? 
,L) .St ,a4rch-4g and 2.222 .675 9.09 .0) 
brvwli 
Do You ueehr Yelp f.tomo MI .259 3.351 .OD2t") 
rher ni 	WebSNe7 
s D.pc.dcrn funkbk: now mac - Ilia do ye ue Intefinei b r week? 
•=P<.001 and **—Pc.OI indicate significance level. 
The students' "experience" was entered as the predictor against the dependent 
variable "instances of using the Internet per week". Here, some predictors supported the 
hypothesis 5. The relationships of the predictors: 
i. Do you search most of your information requirements from the web site? 
(t-4.557, P.000), 
ii. Are you attracted by the specific Journals of the Internet? (t--4,854, 
P=.000), 
iii. Are you attracted to the Internet for wide searching and browsing? 
(ti.078, P=.000), and 
iv. Do you use the help facilities while using the web site? (t=3.354, P=.002), 
with the dependent variable "How many times do you use Internet in a week?" 
were found to be significant. 
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By applying multiple regression technique on the variable Internet information, 
(which consisted of fourteen items), significant results were obtained with R=.974, 
R2=.948, F (4, 45) =207.119, P=000<.001. The predictors such as: 
i. Do you search most of your information requirements from web site? 
(p=. 195, I=.000<.001), 
ii. Are you attached to the Internet of specific Journals? (13=-.182, 
x.000<.001), 
iii. Are you attached to Internet of wide searching and browsing? (p=.675, 
1.000<.001), and 
iv. Do you use the help facilities when using web site? ((3=.259, p=.002<.01) 
were significant predictors. 
The correlation matrix for these predictors showed a positive correlation between 
these predictors. Thus, the hypothesis 5 was fully supported with ` Internet experience" 
accounting for 94.8% of the variance in the digital library and "Internet' use. 
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Figure (5.1.5, a) Influences of Students' Experience and using Internet 
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a 
Figure (5.1.5, b) Influences of Students' Experience and using Internet 
Influences of Experience of Students on Internet (115) 
The study also found that 18% of the students were attracted to the Internet for 
specific Journals (with M=1.18, SD=0.388), 24% preferred a particular day for browsing 
the Internet web sites (with M=1.24, SD=0.431), and 24% of them were attracted to the 
Internet for using specific digital libraries (with M=1.24, SD 0.431). 
On the other hand, 30% of the students were attracted to the Internet for using 
specific Magazines (with M=1.30, SD-0.463), 34% of the students preferred the web site 
because of certainty of getting material (with M=1.34, SD=0.479), 54% of them preferred 
the web site because of wide searching and browsing (with M=1.54, SD 0.503), and 60% 
of the students used the help facilities while using web site (with M=1.60, SD=0.495). 
Furthermore, 62% of the students preferred the web site for availability of their 
information needs under one site (with M=1.62, SD=O.490), and 80% of them searched 
most of their information requirements from web site (with M=1.80, SI> O.404), 
however, 70% of the students preferred the web site for availability of information in 
short time (with M=1.70, SD=0.463), and 82% of the students were attracted to the 
Internet for specific web site (with M=1.82, SD=0.388). Moreover, 24% of the students 
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used the Internet once a week, 18% used the Internet twice a week, 6% of them used the 
Internet three times per week, and 16% Of the students used the Internet four limes and 
above per week (with M=3.22, and SD=0.1.657). These results answered the research 
question 5 in affirmation. Thus, it can be concluded that the students heavily rely on the 
Internet for their academic acti vities. 
The finding of this study confirmed the hypothesis 5 by accounting for 94.8% of 
variance, and supported Windschitl's (199857, 2000) & Arpit Jan's (2008)3 empirical 
results. Windschitl particularly emphasized the importance of asking critical questions 
about add value of the use of the web in education and web-based learning empirical 
results. 
8) RELATIONSHIP BETWEEN LEARN.ABILITY AND EASE OF LEARN 
Research Question No. 6: What are the influences of the digital library learnability on the 
ease of learn? 
Hypothesis No. 6: "The levels of digital library learnabiliry will have a significant impact 
on ease of learn of the digital library. " 
Table (5.1.10) Relationship between Learnability and ease of learn: Unstandardized and 
Mzi.,dzir,1ivPd grv11r,Pntc 
Medd 	 - Umbnclndhed 
coCmaents 
Suodaidiacd 
cueWldWe 
&n 5 
a C,ocl0n 5.42I 11.864 
o- 	Wb x610 .1.010 -.419 -2.642 AM—)  
t- nor,da Tana ,657 -.1a2 -2.119 All ••• 
d vtlm Orz or aad .953 .374 1.913 .076 
4Ian1 	EIbrt -.an -.561 -1030 
ent V*rubk 3- Ene of lam 
•=P<.001, ••=P<.Ol, and •••=P<.05 indicate significance level. 
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The relationship of "leamabilily" as the predictor was studied with the "ease of 
learn" as the dependent variable by using multiple regression technique, and the results 
supported the hypothesis 6. 
There was only one predictor (organization of body video), which did not support 
hypothesis 6. Moreover, the predictors such as: 
i. History audio (t=-2.642, P.011), 
ii. Download iTunes software (t=2.229,1=.031), and 
iii. Learning effort (r--3.030, P=.004) were found significant. 
To analyze the influence of `Iearndbt!]ty" on "ease of learn". fourteen items were 
tested with the help of multiple regression technique (See Appendix E). The model was 
significant with values, R=.823, F=.678, F (4, 45) =23.700,1=.000<.001. The Predictors 
such as: 
i. Audio history (fr -.419, P.011 <,05), 
ii. Download iTunes software (p=-.282, p=.031 <.05), and 
iii. Learning effort (p=-.58t, 1=.004<.01) were the only significant 
predictors. 
Thus, the hypothesis 6 was fully supported by accounting for 67.8% of the 
variance. 
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Figure (5.1.6, b) Influence of Learnability on Ease of Learn 
Influence of Learnability on Ease of Learn (H6) 
Learnability is the most fundamental usability attributes (Nielsen, 1993)46. The 
system should be easy to learn so that the students or users can rapidly start getting some 
work with the system. 
The finding of this study at this stage answers the Q.6. In this study the researcher used 
the map of steps as mentioned in the chapter 4 to ensure the ease of learn of BDL in the 
same situation from different aspects. This method is different from the methods used by 
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Nielsend6 and Judy Jeng 3° but the finding of this study supports Nielsen's (1993)°6 and 
Judy Jeng's (2005a, 20056) 3°• 31 empirical results. 
9) RELATIONSHIP BETWEEN TIME SPENT & EASE OF THE SYSTEM 
(RSYS1) 
Research Question No. 7: What are the influences of the time spent in using the digital 
library on students' satisfaction? 
Hypothesis No. 7: "The levels of time spent using the digital library will have a 
significant impact on learner's satisfaction. " 
Table (5.1.11) Relationship between Time Spent & Ease of the System (RSysl): 
Unstandardized and standardized coefficients 
Model UDmThderdvCd Cmiidets Stdardized 
Cce Ill dcots 
U Bela I Sip. 
10 Crmsimu 2.328 9.237 
rm1c .233 .570 2.594 .013  
-Id -.453 -.974 -3.433 .°°I " 
ite 378 1.016 4.261 
ent Venable: PWw rafl tie nee oftbtS 	1(RSysl)  
Table (5.1.)1) explained the relationship between the independent variables "rime 
spent' to reach the answer of questions (paper category) and the dependent variable 
students "satrsjafionl". 
The predictors such as: 
i. 	Time spent to reach the answer of the question "does the library have a 
paper of what use in economic theory?" (tmic, t2.594, P=.013), 
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ii. Time spent to answer the question of "history of social theory" (tmld, t=-
3.433, P=.001), and 
iii. Time spent to answer the question of teaching English to the world ((rule, 
t-4.261, P=.000), were found significant. 
Hence the results supported the hypothesis 7 (paper category). 
10) RELATIONSHIP BETWEEN TIME SPENT & EASE OF THE SYSTEM2 
(RSYS2) 
Table (5.1.12) Relationship between Time Spent & Ease of the System (RSys2): 
Ilnctandardized and standanii7ed cnefficients 
Model Unstandardiwd Coefficients Standardized 
Caeficuncs 
H Bela I Sig.  
II Coistara 2.913 14.156 
hn2a .073 .477 .594 .556 
tm2b .043 266 .592 .557 
tm2c -.089 -.529 -.713 .480 
tm2d .002 .012 .015 .988 
mile ..055 -.349 -.502 .618 
a Dtent Variable: Pkuq nut tna a ie of dro S), 4n02 (RS2)  
=P<.001, ••=P<.Ql, and •'•=P<.05 indicate significance level. 
Table (5.1.12) explained the relationship between the independent variables "lime 
spent' to reach the answers (audio category) and the dependent variable students' 
"satistaCUo,182" . 
The predictors such as time spent a, b, c, d, and e were not significant predictors 
because of the obtained values t—Q.594, P=.556, t=0.592, P=.557, t=-0.713, P=.480, 
t=0.015, P=.988, and t=- 0.502, P=.618 respectively which were greater than 0.05. 
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11) TIME SPENT & EASE OF THE SYSTEMS (RSYS3) 
Table (5.1.13) Relationship between Time Spent & Ease of the System (RSys3): 
Unstandardized and standardized coefficients 
Model Unstanduntiwl Cucffiaentr Standerdizcd 
crnd s 
B Bela I Si 
14 Cansum 2.911 14.398 
mac -.322 .2.021) -2.950  
un3J .324 1,975 2185 .006• 
aDcpatent Variable Pknq nit me 	of the s 	(RS1s3)  
Table (5.1.13) indicated the relationship between the predictors of "time spenf' 
and dependent variable students' "sarisfaction3" (video category). 
The results were significant because the predictors had the following values: t=-
2.950, P=.005 for tm3c and t=2.885, P=.006 for tm3d, which were less than .01. 
Hence, the hypothesis 7 (video category) was confirmed. 
The researcher tested the prediction of the "line spent' for getting answers for the 
three categories, via, finding papers, audios and videos through a regression. 
The first result was found significant with R=,711, R2=.506, F (3, 46) =15.718, 
P=.000<.001. The predictors namely: 
i. tmlc ((3=.570. P=.013<.05), 
ii. tmld ((1=-.974, P=.001<.01), and 
	
III. 	tie (p=1.016, P=.000<.001) were the only significant predictors. 
The second result was not significant with R=.219, R2=.048, F (5, 44) =.443, 
P=.816>.05. 
The third result was again significant with Rr.395, R2=.156, F (2, 47) =4.353, 
P=.018<.05. The predictors: 
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I. 	tm3c W=-2.020, P=.005<.OI) and 
ii. 	tm3d (13=1.975, P=.006<.OI) were the only significant predictors. 
Thus, the hypothesis 7 was accepted by accounting for 50.6% variance and 15.6% 
variance in the paper and video category respectively. 
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Influences of Time Spent on Students Satisfaction (H7) 
Judy Jeng (2005a, 2005b) 30 '  discussed the correlation between "time spenf and 
"satisfaction" which was significant. In this study, three models were used in three 
categories, viz, text (papers), audio, and video. The results in first and third model were 
significant and answered the RQ7 by accounting for 50.6% and 15.6% of the variance 
respectively. Therefore, it can be concluded that there are influences of 'time spent' for 
using the digital library on students' °satisfactiun"; that means less time spent higher will 
be the satisfaction. 
These findings hold true when the learner searches the text or e-content but in the 
category of search for videos, it will be different. The downloading of a video for 
education purpose takes more time rather than copying text but the results of watching it 
give positive influence and increase satisfaction. On the other side of the picture, the 
downloading of audio also takes some more time but less than downloading of a video. 
However, listening to an audio decreases students' satisfaction which means high time 
spent, less satisfaction because there is less interaction between students and the sound of 
the teachers or educators, thus resulting into lesser influences upon the learner. 
12)REI.ATIONSHIP BETWEEN NUMBER OF STEPS & EASE OF THE 
SYSTEM1 (RSYSI: SATiSFACTIONl) 
Research Question No. 8: Can the number of steps of using the digital library materials 
lead to the full students' satisfaction? 
Hypothesis No. 8: The levels of steps to reach the digital library materials will have a 
signifrcanr impact on learner's satisfaction 
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Table (5.1.14) Relationship between Number of Steps & Ease of the System 1 (RSys 1: 
Satisfaction 1): Unstandardized and standardized coefficients 
Model Unstandardized Coefficients Standardized 
Coefficients 
B Beta t Sig. 
9 (Constant) 5.830 2.978 .005(')  
mosa .165 .146 .674 .504 
mosb -.451 -.433 -1.649 .106 
mosc -.111 -.084 -.504 .617 
mosd -.384 -.207 -1.300 .200 
mose -.121 -.131 -.610 .545 
a. Dependent Variable: Pkase, rank the ease of the Syalemi 	 1)  
The relationship between the independent variables "number of steps" (paper 
category) and the dependent variable students' "satisfaction]" was obtained, through 
multiple regression. 
The predictors number of steps a, b, c, d, and e were not significant predictors as 
they had values t=0.674, P=.504, t=-1.649, P=.106, t=-0.504, P=.617, t=-1.300, P=.200, 
and t=-0.610, 1=.545 respectively which were greater than 0.05. 
These results did not support the hypothesis 8. 
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13) RELATIONSHIP BETWEEN NUMBER OF STEPS & EASE OF THE 
SYSTEM2 (RSYS2: SATISFACTION2) 
Table (5.1.15) Relationship between Number of Steps & Ease of the System2 (RSys2: 
Satis1action2): Unstandardized and standardized coefficients 
Made) UnsiandardiwJ Coeffi,denb SL..h.4.,W 
Coenlcienis 
B Bete  Sip, 
12 Constant 2.604  .001 •• 
English .053 .064  A64 
Phil . 	by 204 .265 P.465 .645 
Hiss -.177 -.28[  491 
207 .222  .360 
Bteldies .171 -.397  394 
,U 	nl Nwiyyl: Fi 	, nnk the we qlthc Sy,uiuZ (RS y,2)  
•=P<.001, "=P<.Ol, and •'•=P<.05 indicate significance level. 
Table (5.1.15) explained the relationship between the independent variables 
"nrrnher of steps" (audio category) and the dependent variable students' "salisfaction2". 
The predictors such as number of steps required to reach English, philosophy, 
history, geography, and statistics materials were not significant predictors because of the 
obtained values r-0.173, P=.864, t-0.465, P=.645, t=-0.695, P=.491, t=0.926, P=.360, 
and t=0.926, P=.360 respectively which were greater than 0.05. 
These results did not support the hypothesis 8 that, "The levels of steps to reach 
the digital library materials will have a significant impact on learner's satisfaction". 
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14) NUMBER OF STEPS & EASE OF THE SYSTEMS (RSYS3: 
SATISFACTIONS) 
Table (5.1.16) Relationship between Number of Steps & Ease of the System3 (RSys3: 
Satisfaction3): Unstandardized and standardized coefficients 
Model [ltslandvd¢ed Coefficients Standardized 
coet19ciento 
U Std. Ercr Bets t Sig. 
13 CaiGrit .971 L083 .X97 .375 
VOrBod 1.466 .311 1.569 4.719 .000 
VsPM -1.831 .480 -1.350 -3.812 .000 
VAns -.356 .155 -.423 -2.296 .02 
VARn 1.711 .352 1.320 4.857 .000(1 
VGpsdto -.661 .218 -.691 -3.035 .004 •• 
x Dcpaànt Variable: Pleat rut lk rox of 1k5 	RS' 
Table (5.1.16) explained the relationship between the independent variables 
"number of steps" (video category) and the dependent variable students' "sutisfaction3". 
The predictors "number of steps" required to reach a video on organization of 
body (VOrBOd), shell programming video (VSPro), amines video (VAms), atoms and 
heart video (VAFIrt), and general psychology video (VGPscho) were significant 
predictors as they had values t=4.719, P=.000. t=-3.812, P=.000, t=-2.296, P=.026, 
t=4.857, 1 .000, and t=-3.035, P=.004 respectively which were less than or equal to 
0.001, 0.01, or 0.05, 
These results also helped confirming the hypothesis S. 
The researcher further tested the prediction for different categories (three models) 
of the digital library materials through a regression. 
The first result was not significant with R=.291, R2=.085, F (5, 44) =.815, 
P.546. The second result was also not significant with R=.230, R2=.048, F (5, 44) =.494, 
P=.779. 
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However, the third result was significant with R=.639, R2=.409, F (5, 44) =6.086, 
P=.000<.001. The predictors namely: 
	
I. 	Organization of Body video ((3=1.569, P=.000<.001), 
ii. Shell programming video (~3=-1.350, P=.000<.001), 
iii. Amines video ((3=-.423, P=.026<.05), 
iv. Atoms and Heat video ((3=1.320, P=.000<.001), and 
v. General Psychology video (3=-.691. P= .004<.0l) were the only 
significant predictors. 
Thus, the hypothesis 8 was not confirmed. 
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i 
Figure (5.1.8. b) Influence of Number of Steps on students' Satisfaction 
The above findings of this study were similar to the findings of Judy Jeng (2005a, 
2005b) 30 ' 31 in the category of searching for multimedia (video). The reasons for 
obtaining the above results may be that when students interact with image motion and 
fulfill both reading and writing text, listening and watching teachers through the video, 
they feel more satisfied. All procedures that occur in the classroom can be followed 
through video after the class or online. They can also ask questions, answer questions and 
send notes to teachers or educators through the e-mail. On the contrary searching for 
papers is like a silent conversation between the information and students, therefore, it 
may be less satisfying. 
15) RELATIONSHIP BETWEEN LEARNING ACTIVITIES & EASE OF THE 
SYSTEM3 (RSYS3: SATISFACTION3) 
Research Question No. 9: What are the influences of learning activities on students' 
satisfaction? 
Hypothesis No. 9: The levels of learning activities will have a significant impact on the 
learner's satisfaction 
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Table (5.1.17) Relationship between Learning Activities & Ease of the System3 (RSys3: 
Satisfaction3): Unstandardized and standardized coefficients 
Model Unstandadi,ed Coefficients Standardised 
B Ma 1 Si. 
15 (Curstsnt 4.379 8.000 
DwnV -.598 -377 -2.531 
CpyP -.466 -.321 -2.201 .033(')  
5nd .321 .273 2.292 .027  
Par -.222 -236 -1.952 .057 
a flçendent Variable: Pkne, rack the tsco(tkSxkm3(RSvs3) 
Table (5.1.17) explained the relationship between "learning activities" variables 
as the predictors and students' "satufac!anf" as dependent variable. 
The predictors namely: 
i. Download video (t=-2.531, 1=.015), 
ii. Copy paper (t=-2.201,1'.033), and 
iii. Sound ranking (t=2292, P=.027), with the dependent variable 
"satisfaction" for watching video were significant. 
These results supported the hypothesis 9. 
Inversely, the predictor picture ranking (t-1.952, P.057) was not significant. 
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16) RELATIONSHIP BETWEEN LEARNING ACTIVITIES & EASE OF THE 
SYSTEM2 (RSYS2: SATISFACTION2) 
Table (5.1.18) Relationship between Learning Activities & Ease of the System2 (RSys2: 
Satisfaction2): Unstandardized and standardized coefficients 
Model Unstandardized Coefficients Standardized 
Coefficients 
B Beta t Sig. 
16 (Constant) 2.697 5.401 • .000() 
for -.736 -.557 -3.759 .0Ol(')  
M -.511 -.392 -2.394 .021 •'• 
DwnV -.524 -.357 -2.770 .008(')  
DA .594 .416 2.778 .008 •• 
CpyP .465 .346 2.451 .018(')  
Snd .426 .393 3.697 .001(••) 
a. Dependent Variable: Please, rank the caw of the S 	2(RSvs2)  
Table (5.1.18) explained the relationship between "learning activities" variables 
as the predictors and students' "satlsfactlon2" as dependent variable. 
The predictors: 
Looking for Journals (t=-3.759, P=.001), 
ii. Looking for Magazines (t=-2.394, P=.021), 
iii. Download video (t=-2.770, P=.008), 
iv. Download audio (t=2.778, P=.008), 
v. Copy paper (t=2.451, P=.018), and 
vi. Sound ranking (t=3.697, P=.001), were significant. 
Therefore, these results supported the hypothesis 9. 
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17) RELATIONSHIP BETWEEN LEARNING ACTIVITIES & EASE OF THE 
SYSTEMI (RSYS1: SATISFACTIONI) 
Table (5.1.19) Relationship between Learning Activities & Ease of the System! (RSysl: 
Saticfi.c1innl l- I Inaandandizrd and ctandardized cenffirientc 
Model Unytndmiizid Coefecnth Standa&zed 
coctbciamu 
B Rota t Sig. 
17 Cmstant 4.323 6.561 
M -.996 -490 4.109 .0 
Colt .368 293 -2.199 .033 ^I 
Tx. 496 .406 3.072 .004 " 
t 	ndent Variable: Pkur, of thee,. of the SyitemI (RS 	l j 
Table (5.1.19) explained the relationship between ` learning activities" variables 
as the predictors and students' "satisfaction1 (reading text) as dependent variable. 
The predictors (lamely: 
i. Looking for Magazines (t=-4.108, N.000), 
ii. Color ranking (t=-2.198, N.033), and 
iii. Text ranking (t=3.072, I=.004), were significant. 
These results supported the hypothesis 9. 
Three models were tested using the multiple regression technique. 
The first result was significant with R=.617, R =.381, F (3, 46) =9.439, 
P=.000<.001. The predictors: 
i. Magazine ((1=-.490, P=.000<,00I ), 
ii. Color (13=-.239, N.033<.05), and 
iii. Text (j3=.406, P—.004c01) were the only significant predictors. 
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The second result was significant with R=.755, R2=.570, F (6, 43) 9.496, 
P=.000<.001. The Predictors namely: 
i. Journals ((3-.557, P—.001<.01), 
ii. Magazines (j3—.392, P=.021<.05), 
iii. Download audio (p=.416. P=.008<.01), 
iv. Download video (p=-.357, p=.008<.01), 
v. Copy paper (p=.346, P= .018c05), and 
vi. Sound listening skills ((3=.393, 1=.001<.Ol) were the only significant 
predictors. 
The third result was also significant with R=.647, R'=.419, F (4, 45) =8.]11, 
P=.000<.001. The Predictors: 
	
I. 	Download video ((i=-.377, P=.015<.05), 
ii. Copy paper ((3=-.321, P=.033<.05), and 
iii. Listening sound skills (P=.273, ]=.027<,05) were the only significant 
predictors. 
It can be noted that the hypothesis 9 was supported by accounting for 38.1%, 
57%, and 41.9% of variance for the 3 models respectively. 
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Figure (5.1.9, b) Influence of Learning Activities on students' Satisfaction 
Influences of learning activities on students' satisfaction (H9) 
This study answers RQ9 as mentioned above with the support of three models and were 
significant accounting for 38.1%. 57%, and 41.9% respectively. "Learning activities" are 
the major concern of this study. These activities such as searching, browsing, listening, 
watching, reading, copying, downloading etc. are increasing with paradigm shift in 
education in the current era. It is a fact that more activities lead to larger satisfaction and 
fewer activities lead to lesser satisfaction. 
18) RELATIONSHIP BETWEEN LEARNING ACTIVITIES & EASE OF 
LEARN (LEARNABILITY) 
Research Question No. 10: What are the influences of learning activities on learnabiIity 
of the digital library? 
Hypothesis No. 10: "The levels of learning activities will have a significant impact on the 
digital library learnability. " 
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Table (5.1.20) Relationship between Learning Activities & Ease of Learn (Learnability): 
Unstandardized and standardized coefficients 
Model IInstandardized Coefficients Standardized 
Coefficients 
B Beta t Sig. 
18 Constant 4.526 2.487 .017(")  
Joe -.140 -.061 -.263 .794 
M .285 .126 .480 .634 
D%nV .112 .044 .209 .835 
DwnA -.854 -.345 -1.393 .171 
CpyP -.259 -.111 -.499 .620 
Snd -.015 -.008 -.040 .968 
Par -.149 -.099 -.510 .613 
Colr .058 .041 .189 .851 
Txt -.222 -.163 -.806 .425 
a Dependent Variable: EOLln 
Table (5.1.20) explained the relationship between "learning activities" variables 
as the predictors and "ease of learn" of the digital library as dependent variable. 
The predictors namely: 
i. Looking for Journals (t=-0.263, P=.794), 
ii. Looking for Magazines (t=0.480, P=.634), 
iii. Download video (t=0.209, P=.835), 
iv. Download audio (t=-1.393, P=.171), 
v. Copy paper (t=-0.499, P=.620), 
vi. Sound ranking (t=-0.040, P=.968), 
vii. Picture ranking (t=-0.510, P=.613), 
viii. Color ranking (t-0.189, P=.851), and 
ix. Text ranking (t=-0.806, P=.425), were not found significant. 
Therefore, hypothesis 10 was not accepted. 
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Influences of learning activities on the digital library !earnbility (HIO) 
The answer to RQ10 was not in affirmation. 
The leantability of the digital library ensures that the students can learn the web site of 
any digital library rapidly. (Judy Jeng (2005a, 2005b) 10 31. Whereas, learnability 
according to Nielsen (2003)4° depends upon how easy it is for the users to accomplish 
basic tasks the first time they encounter the design. The leamability in this study was 
determined by some procedures that the students should follow to accomplish basic tasks. 
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SECTION II: ANALYSIS OF THE STRUCTURAL MODEL BY USING AMOS 5 
5.2.1) ANALYSIS OF THE STRUCTURAL MODEL 
A structural equation modeling technique was used to test the learning assessment 
model. AMOS 5 program was employed for this purpose. To explain the relationship 
between indicator variables and latent variables and demonstrate the impact of these 
variables on each other, it is essential to understand structural equation modeling (SEM) 
and its analysis to help answer the questions that are still not answered. 
5.2.1.1. Overview of Structural Equation Modeling (SEA 
Structural Equation Modeling (SEM) is a multivariate statistical technique, which 
incorporates and integrates multiple regression/ path analysis and factor analysis. SEM 
takes a confirmatory, rather than exploratory, approach to data analysis, which has 
several advantages over the traditional regression method of testing directional 
relationship between variables (Bryne, 20011; Tabachnick & Fidell, 2001; Kline, 
2005J°; Brown, 2006"; Meyers, Gamst, & (Juarino, 2006°). In addition, in multiple 
regression and path analysis, each variable has only one indicator. Factor analysis is 
usually performed in a model in which each variable has multiple indicators but there are 
no causal effects (arrows) connecting the variables. However, SEM refers to a hybrid 
model with both multiple indicators or items measuring a variable (called latent variable 
or construct), and causal paths connecting the latent variable. SEM can simultaneously 
estimate all path coefficients and test the significance of each causal path, permitting the 
evaluation of the model performance as a whole by checking the overall goodness of fit 
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of a hypothesized model rather than on testing coefficients. individually as multiple 
regression does (Bagozzi, 1981° & 1982). 
5.2.1.2) Structural Equation Modeling (SEA Analysis 
Bryne (2001)12  asserts that a measurement model is a confirmative factor analysis 
and deals with relation of the indicator variables to the latent constructs while a structure 
model relates to the causal relationship of the latent variables and any additional observed 
or manipulated variables. AMOS 5.0 Graphics was used to run the structural model and 
test the hypothesized relationship between constructs. Maximum likelihood estimation 
was employed to compute structure coefficients between latent variables. Chi-square 
(X2), Chi-square X2/df, Goodness-of-Fit (GFI), Adjusted Goodness of Fit (AGFI), 
Comparative Fit Index (CFI), Root Mean Square Residual (RMR), and Root Mean 
Square Error of Approximation (RMSEA) were used to evaluate model fit (Joreskog & 
Sorbom, 19963; Meyers, Gamst, & Guarino, 200653). In addition, causal paths were 
interpreted as standardized coefficients in a regression analysis. Predictive power was 
examined with multiple correlations (R2) for each endogenous variable. 
Table (5.2.1.1) Level of simificance for regression weicht 
Estimate S.E. C.R. P Label 
ACTIVITIES <___ Learning 1.000 
USABILITY <___ Learning 1.000 
USABILITY <_._ Activities 1.000 
ACTIVE LEARNING <__ Activities -.717 .303 -2.370 .018 d_s 
ALIVE LEARNING c__ Usability 1.000 
EFFEC <__ Usability 1.000 
INFOG <_. Aclive_Learning 1.000 
EFFIT <_- Usability 2.854 2.650 1.077 .282 viz _s 
EFFM G_- usability 1.555 .541 2.874 .004 cub_s 
SATES <.-_ Usability -.967 .270 -3.580 .000 loans 
LRNBTY <___ Usability .045 .215 .212 832 zaed_s 
INFOS <•..- Active_ Learning 1.279 .272 4.696 .000 sert_v 
ACNSM <__ Active Learning -1.257 .418 -3.010 .003 ward v 
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In the table (5.2.1.1) above, the probability of getting a critical ratio as large as 
2.370 in absolute value was .018. In other words, the regression weight for Activities in 
the prediction of "active learning" was significantly different from zero at the .05 level 
(two-tailed). Therefore, the probability of getting a critical ratio as large as 2.874, -3.580, 
4.696, and -3.010 in absolute values were .004, .000, .000, and .003 respectively. In other 
words, the regression weight for "usability" and "active learning" in the prediction of 
number of steps used to reach the answer of question "efficiency" (EPPM), students' 
"satisfaction" (SATIS), "Information seeking" (INFOS), and "Active Consuming" 
(ACNSM) respectively was significantly different from zero at the .05 level (two-tailed). 
The previous results supported the hypotheses 11, 13, 14, 16 and 17. 
However, the probability of getting a critical ratio as large as 1.077 and 0.212 in 
absolute values were .282 and .832 respectively. In other words, the regression weight for 
"Usability" in the prediction of "time spent'- ( to reach the answer of the question), 
"efficiency" (EFFIT) and "Learnablity" (LRNBTY) were not significantly different from 
zero at the .05 level (two-tailed). These results did not support hypotheses 12 and 15 to 
ensure that the amount of "time spent' and "usability" would have a negative impact on 
students °aelivilles" and the levels of "fearnabili(y" and "usability" would have a 
negative impact on students' "learning". Hence, it can be noted that there is an 
interaction between the latent variables such as "Activities", "Active Learning", 
"Usability", and ` Learning" with observed variables such as "EFFIT, EFFM, SAT/S, 
LRNBTY, INFOS, and ACNSM', and together, which is the key goal of this research. 
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Table (5.2.1.2) Estimate of squared multiple correlations 
Estimate 
ACNSM .216 
INFOS .934 
LRNBTY .001 
SATIS .285 
EFFM .182 
EFFIT .026 
INFOG .412 
EFFEC .478 
In the table (5.2.1.2) above, it was estimated that the predictors of "ACNSM, 
INFOS, LRNBTY, SAILS, EFFM, EFFIT ", °information Gathering' (INFOG), and 
"Effectiveness" (EFFEC) explained 21.6%, 93.4%, 0.1%, 28.5%, 18.2%, 2.6%, 41.2%, 
and 47.8% of its variance respectively. 
For the learning assessment of digital library techniques, the Model is shown 
below in figure (5.2.1.1) using AMOS 5.0 Graphics with arrows representing causal 
relationships. The proposed structural model explained 27% of variance for the learning 
assessment. 
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Leaning Assessnt of agital Library Techniques: 
L ility, Effecdm7ess, B`Ficiency, Satisfaction, and 
Lea ability. (1) 
6 '	 ,• bQ  
1  
1 0 
1 	 '•. 
Figure (5.2.1.1) Learning Model 
According to the model. "learning" as a construct can be expressed through 
"learning activities" and "usability" of the digital library. The "activities" can be 
expressed through active learning, which consisted of "information gathering" 
(IN FOG), "information seeking" (INFOS), and "active consuming" (ACNSM). 
Whereas, usability of the digital library could be expressed through digital library 
attributes, such as "effectiveness" (EFFC), "efficiency" (EFFIT, or EFFM), 
"satisfaction" (SATIS), and "learnability" (LRNBTY). 
5.2.1.3) Overall Goodness-of-Fit Statistics 
The SEM is a statistical method to evaluate the plausibility of the proposed model 
(i.e., the relationships between the variables). The goodness-of-fit of the model is 
evaluated to compare the proposed model with the relationships existent in the actual or 
observed data. If the proposed model and the actual or observed relationship are 
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consistent with each other, then the model fits the data and can be considered a credible 
explanation for the hypothesized relationships. Model fit indices are used as statistic to 
evaluate model fit. Over the past 20 years, at least 24 fit indices have been proposed 
(Klem, 200034) and there is presently no general agreement on which measures are 
preferred. Researchers, therefore recommend the use of multiple fit criteria. The 
following model fit indices are commonly used as model fit criteria: 
Table (5.2.3) Model Fit Indices. 
Model Fit Indices 	 Symbols 	 Notes  
Chi-square 	 X` 	(Joreskog & Sorbom, 
1 
Chi-square 	 X2/df 	199632; Meyers, Gamst, & 
Goodness-of-Fit 
Adjusted Goodness-of-Fit 
Norm Fit Index 
Comparative Fit Index 
Root Mean Square Residual 
Root Mean Square Error of Approximation 
GFI 	Guarino, 200613) 
AGFI 
NFl 
CFI 
RMR 
RMSEA 
Among them, Chi-square (X2), Goodness-of-Fit (GFI), Root Mean Square 
Residual (RMR), and Root Mean Square Error of Approximation (RMSEA) are classified 
as absolute fit measures; and Adjusted Goodness-of-Fit (AGFI) parsimonious fit measure 
(Meyers, Gamst, & Guarino, 200643, p.559). X2 value tests the difference between the 
proposed and the observed relationships. With this index, significant values indicate poor 
model fit, whereas nonsignificant values indicate good fit. While the X2 is easily 
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influenced by the sample size, the ratio of chi-square to its degree of freedom, Xz/df, is 
also used to indicate a good fit. It is suggested that a ratio of 3:1 or less indicates an 
adequate fit (Carmines & Maclver, 198113). GFI is conceptually similar to the R2 in 
multiple regression (Kline, 2005;5). It measures the amount of variances and covariances 
jointly attributed to the model. The index ranges from 0 to 1, where I indicates a perfect 
fit. GFI should equal to or greater than 0.90 as indicative of an acceptable model (Hu, & 
Benner, 19992R). RMR and RMSEA measure the average residuals between actual/ 
observed covariance and proposed/ expected model covariance. It is suggested that an 
RMR less than 0.09 and RMSEA less than 0.10 indicates that a model is acceptable (Hu, 
& Bentler, 199926). CFI and NFI indicate the relative position between the independent 
model, which assumes that there are no relationships in the data (thus a poor fit), and the 
saturated model, which assumes a perfect fit. Both CFI and NFL are suggested to be 
greater than 0.90 for an acceptable model (Hu, & Bender, 199928). AGFI is the 
parsimonious adjusted goodness of fit and "corresponds to the GFI in replacing the total 
sum of squares by the mean sum of squares" (Meyers, (lamst, & Guarino, 200653, p.560). 
Ideally, values that are greater than 0.80 indicate an acceptable model (Hu, & Bender, 
199912). 
5.2.2) OVERALL GOODNESS-OF-FIT OF THE MODEL 
A test was performed on the model as shown in the Figure (5.2.1.1) above and the 
following values were obtained: (see the following table) 
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Table (5.2.2.1). Report values of Model Fit 
Reported values of Model Fit for the Structure Model 
Model fit measures Recommended Values from Conclusion 
values Model 
Chi-square (X2) P>=.05 0.677 Fit 
Chi-square (XZ)/df <-3.00 0.794 Fit 
Goodness-of-Fit (OF!) ».90 0.946 Fit 
Adjusted Goodness-of-Fit >=0.80 0,861 Fit 
(AGFI) 
Norm Fit Index (NFI) ».90 .917 Fit 
Comparative Fit Index >=0.90 1.000 Ph 
(CFI) 
Root Mean Square <0.09 0.0966 Fit 
Residual (RMR) 
Root Mean Square Error <0.t0 0.000 Fit 
of Approximation 
(RMSEA) 
Research question No. 1 L Do the students' activities have influences on active learning? 
Hypothesis No. 11: The levels of activities will have a significant impact on active 
learning. 
The result was positive, therefore, the hypothesis) l was supported (P=.018<.05, 
see table (5.2.1.1) in this chapter) and answered RQI1. 
Influences ofActivities on Active Learning (7111) 
The result was significant, as P°.0!8<.05. It was found that "activities" had a 
direct effect on "learning" ((i-1.000) and had no indirect effect, whereas, `active 
learning" had only indirect effect on "learning" ({3=1.000). The results of significant, 
direct, and indirect effects of "activities" and "active learxing" on students' "learning" 
were supported by previous studies (Donghua Tao, 200821; Adams et al, 19921; Wixom 
& Todd, 2005) 
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"Activities" and `active learning" play important roles in learning anytime and 
anywhere that raises the needs for suitable "activities" that help student to pass the 
education situation and motivate them to move to the next stage of learning. Learning can 
be seen as problem solving, as inquiry, as sense-making, as intellectual socialization, as 
design and as constructivist activity by which the learner builds his/ her own knowledge 
(Smith, 1993)". 
Research Question No. 12: Does the usability have influences on the levels of time spent? 
Hypothesis No. l2: The usability will have a sfffnErcant impact on the levels of time spent 
However, the result was unfortunately not significant which ensured that the 
hypothesis 12 was not supported (1=.282>.05, see table (5.2.1.1) in this chapter) and did 
not answer RQ 12. 
Influences of Usability on Time spent (7112) 
The results as shown in table (5.2.3.1) in the finding of this study were not 
significant, as P=.282>.05 and the hypothesis 12 was not supported. However, the 
"usability" had a direct effect on "activities' (p=0.500) and the °lime spent' had an 
indirect effect on "activities' ((0.081). 
These findings support Adams et al. (1992)' and Barry (1997)6 empirical results and do 
not support the Judy Jeng (2005a, 2005b) 30, 31  empirical results. The reason may be that 
the students get some searching and browsing problems when using the digital library 
web site and the researcher suggests that students should get perfect training for 
searching the web sites and for seeking information rapidly in short-time. 
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Research Question No.13: Does the usability have influences on the levels of steps? 
Hypothesis No. 13: The usability will ham a significant impact on the levels of steps 
The probability of this hypothesis was 1=.004<.Ol (see table (5.2.1.1) in this 
chapter) which meant that the hypothesis 13 was supported and answered RQJ 3. 
Influences of usability on Number of steps (H13) 
This result was significant with P=.004<.Ol as shown in the table (5.2.3.1) in the 
last finding in this study. The 'number of steps" had an indirect effect (p-0.427) whereas 
"usability" had a direct effect (p=0.500) and the indirect effect ((iO.500) on "learning" 
with total effect (I3=1.000). 
This result supports Adams et al. (1992)', Davis (1989a)", and Judy Jeng (2005a, 2005b) 
30,3' empirical results. The present study, the "number of steps" on students' "learning" 
did not have direct effect on "learning", which can be explained with one reason that all 
experiences of using the Internet resources the students selected and used were not 
enough and they should develop their skills in this part of using web site. 
Research Question No. 14: Does the usability have influences on the levels of 
satisfaction? 
Hypothesis No. 14: The usability will have a significant impact on the levels of 
satisfaction 
The probability of value P=.000to0l as mentioned in table (5.2.1.1) in this 
chapter indicated that this result is significant and answered RQ14. Therefore, the result 
supports the hypothesis 14. 
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Influences of Usability on the Satisfaction (1114) 
The result was significant with 1'.000<,001 and answered RQ14. However, the 
present study did not find the direct and indirect effect of both "satisfaction' and 
"usability" an "active learning", which was supported by the finding of the previous 
studies (Donghua, 20082!; Judy Jeng 2005a3°, 2005b31). 
The result can be explained for two reasons. According to Jayawardana (2001)p  
the tools of the digital library can support "active learning" by integrating the user's 
personal library and remote digital library that students have. This means that the students 
with extra training on the digital library tools can search or browse the digital library 
easily; moreover, it will increase the interaction between the students and the digital 
library, which in turn increases students' ` satisfaction". 
However, according to Doughua (2008)21 the students are motivated in large part by 
considering grades and receiving frequent feedback on their performance. It leads to 
support the "usability" (usefulness) of the digital library materials. Hence, it can be 
inferred that the students should be given some feedback on their performance of using 
the digital library and be encouraged for continuing learning. 
Research Question No. 15: Does the usability have influences on the levels of 
learnability? 
Hypothesis No. 15: The usability will have a significant impact on the levels of 
learnability 
The result was unfortunately not significant and therefore ensured that the 
hypothesis 15 was not accepted (P=.832>.05, we table (5.2.1.1) in this chapter) and did 
not answered RQ15. 
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Influences of Usability on Learnability (H15) 
This result was not significant with P=.832>.05. The "karnabl8ty" here had an 
indirect effort (0.Q32) on "learning", whereas, the "usability" had a direct effect and 
the indirect effect on "learning" (p-0.500 for each). 
These finding did not support Judy Jeng (2005a, 20056) iO 31 empirical results. The 
reason was that some of the students could not follow the number of screen shots used in 
the map of steps rapidly at the first time, which caused technical problems such as failing 
of links between screen shots. 
Research Question No. 16: Does the active learning have influences on the levels of 
information seeking? 
Hypothesis No. 16: The active learning will have a significant impact on the levels of 
information seeking 
Fortunately, the probability of the value was P=.000<.001 so this result was 
significant and led to accept the hypothesis 16 and answered RQ16. 
Influences on Active Learning on Information Seeking (H16) 
Since the result was significant P-.000to0f. The "information seeking" had an 
indirect effect on "learning" (13=0.966) and ` active learning" had the indirect effect on 
"learning" (p=1.000). The reason for obtaining such a result may be that under different 
"information seeking" scenarios, the change in knowledge state could be allributed in 
different modes of searching and browsing (Choo, Detlor, & Tumbull, 20001°). 
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Research Question No. 17: Does the active learning have influences on the levels of 
active consuming? 
Hypothesis No. 17: The active learning will have a sign jcant impact on levels of active 
consuming 
The probability of value P=.003<.O I as mentioned in table (5.2.1.1) in this chapter 
indicated that the result is significant and answered RQ 17. 'therefore, the hypothesis 17 
stands accepted. 
Influences ofActive Learning on Active Consuming (7117) 
It may be concluded that "active concaming" had negative indirect effect on 
"learning" (G3=-0.464), whereas, "active learning" had positive indirect effect on 
'Yearning" ( 1.000). 
These results were similar to Dee, & Stanley (2005)1° results in the part of "information 
seeking" as a part of "active learning" and similar to Jayawardana (2001)29 empirical 
results. 
rent 
CR.z 
Figure (5.2.2.1) Hypotheses 11-17 
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5.23) DISCUSSION OF THE STRUCTURAL EQUATION MODELING 
There were 19 causal paths in the final structure model with seven hypothesized 
causal paths associated with the domain knowledge construct (see Figure (5.2.3.1) in this 
chapter). Among these hypotheses, there were five hypotheses (71.43%) statistically 
significant. The statistical significance (Z value) was calculated by dividing the 
unstandardized regression weight by its standard error. At .001, .05 alpha (two tailed), 
causal path coefficients with Z value +1.96 or —1.96 or greater were statistically 
significant (Alistair W. Kerr, 2002). Table (5.2.3.1) presents the hypothesized 
relationships, standardized coefficient (Estimate), Z value (C.R.), and results see Figure 
(5.2.3.1) below. 
Table (5.2.3.1) Results of Hypotheses Testing from Structure Model 
Hypotheses 	From 	 To 	Estimate 	S.E. 	C.IL(Z) 	P 	Results 
till Active Learalag Activities -.717 .303 -2.370 .018 Supported 
1112 EFFIT Usability 2.854 2.650 1.077 .282 Unsupported 
H13 EFFM Usability 1.555 .541 2.874 .004 Supported 
1114 SATIS Usability -.%7 .270 3.580 """ Supported 
H15 LRNBTY Usability .045 .215 .212 .832 Unsupported 
H16 INFOS Active Learning 1.279 .272 0.696 "•• Supported 
H17 ACNSM Active_Leareiag -1.257 .418 -3.010 .003 Supported 
Learning 	 of L git. Library Tecfv gtjes: 
L. 	lily, 	ficiency, Satisfaction, arad 
Loiabillly (2) 
1.17 
	
.00 , 	 .27 
2.06 
1.00_. 	 - 	 , 	8p 
-. 	1.00 	1.00 	 1 	.34 
.00 63 
1 	1.39 1.00 	 ..49 
f i-sgtxwrv11. 119(14 d) 
P= sn
Figure (5.2.3.1) Unstandardized Estimation of Learning Model 
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Predictive Power (R2): 
The coefficient for determination indicated that the model explains 21.6% of the 
variance associated with "active consuming" (ACNSM), 93.4% associated with 
"information seeking" (INFOS), 1% associated with the "learnability" (LRNBTY), 
28.5% associated with the students' "satisfaction" (SATlS), 18.2% associated with the 
"efficiency" of the digital library focused on the "number of steps" (EFFM), 2.6% 
associated with the "efficiency" focused on the time to reach the digital library materials 
(EFFIT), 41.2% of the variance associated with "information gathering" (INFOG), and 
47.8% associated with the digital library "effectiveness" (EFFEC). 
0.5  
0.5;  
NOW -0.56 
EFFEC 
'; ; 	EFFIT 
' ' 	EFFM 
= SAT I S 
• INFOG 
INFOS ' • 
ACNSM 
Chi-Square=11.119 (14 df) 
p=.677 
Figure (5.2.3.2) Standardized Estimation of Learning Model 
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Usability Active 
Learning 
Item 
Reliability 
Delta 
EFFEC .69 0.4761 0.52 
EFFIT .60 0.36 0.64 
SFFIM .83  0.68_89 0.31 
SAFIS .58 0.3364 0.66 
LRNBTY .96 0.2216 2.783 0.08 
INFOG .64 0.4096 0.59 
INFOS .97 0.9409 0.06 
ACNSM ,66 0.4356 1.7861 0,56 
2.783/5100 (l.7861/3)100 
Variance 55.66 59.54 
Extracted 
Construct .86 D.81 
Reliability  
Cal al ated Variartce Extracted (AVE) from the tad a (5.2.3.2b): 
VE 
n 
Fdl' 
cx= •
(E4P (L) 
(LEARSING ASSESSMENT OF DIGITAL LIBRARY TECTINIQUES) tUIMUIN- 
Table (5.2.3.2a). Standardized Estemates (Standardized Regression Weights) 
Estimate 
EFFEC <--- Usability .690 
EFFIT <--- Usability .601 
EFFM <--- Usability .626 
SATIS G-- Usability .583 
LRNBTY C--- Usability .955 
INFOG <--- Active Learning .643 
INFOS <--- Active_Leaming .966 
ACNSM <--- Active Learning .655 
I n table (5.2.3.2a) above it can be sea) th t the regression wei ghts to be statistically 
ggrvficat. 
Table (5.2.3.2b). Factor Loadings, Variance Extracted, and Reliability 
RF'~.ilid( ....: .« rL►LiQr :: ~.r r .^.:::p r .' SSrRi~G3~ifkTl.~ri.~,'.'.: 
Active Lri ng Corrruct=0.4096+0.9409+0.4356=1.788113=0.5954 
Disci mi nent Veli dtv from the table (5.2.3.2b) and table (5.2.3.2c) 
AVE 	sic 
Usability 	0.5566 0.0467, 0.1697, 0.08723 
Active_Leaming 	0.5954 	0.00001, 0.0812, 0.0331, 0.0007, 0.2285 
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It was noted that AV E for each construct >0.5, Construct Reli abi I ity (CR) > 0.7 a id AV E 
> SIC for each factor. SeeAppendix G for Cawergent and Diaerilninant Validity. 
Table (5.2.3.2c) Squared Multiple Correlations 
Estimate 
ACNSM 	 .216 
INFOS .934 
LRNBTY 	 .001 
SATIS .285 
EFFM 	 .182 
EFFIT .026 
INFOG 	 .412 
EFFEC .478 
5.2.3.1] Impact of Learning Activities and Usability on Learning 
This section answers research question (RQ) 18. 
RQl8: Do the learning activities and usability have influences on the students' 
learning? 
While examining the direct effects of 'activities" on "learning" the value 
obtained was 3=1.000, whereas, the indirect effect of °activities"on "learning" was zero 
((i=.000). Therefore, the total effect of "activities' on "learning" was (1=1.000. However, 
the examination of direct effects of "usability", "active learning", "active conswning" 
(ACNSM), "information seeking" (INFOS), ` learnability" (LRNBTY), "satisfaction" 
(SATIS), "efficiency" for steps (EFFM), "efficiency," for time (EFFIT), 'information 
gathering" (INFOG), and "effectiveness" (EFFEC) on "learning" were (i=.500, .000, 
.000, .000, .000, .000, .000, .000, .000, and .000 respectively (see table (5.2.3.3) below). 
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0.6 
Figure (5.2.3.3). Direct, Indirect, and Total effect of learning activities and usability on 
learning 
Table (5.2.3.3) Direct, Indirect, and Total effect of learning activities and Usability on the 
Iearnin¢ 
Direct Effect Indirect Effect Total Effect 
Learning Learning Learning 
Activities 1.000 .000 1.000 
Usability .500 .500 1.000 
Active Learning .000 1.000 1.000 
ACNSM .000 -.464 -.464 
INFOS .000 .966 .966 
LRNBTY .000 .032 .032 
SATIS .000 -.534 -.534 
EFFM .000 .427 .427 
EFFIT .000 .162 .162 
IN FOG .000 .642 .642 
EFFEC .000 .691 .691 
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Whereas. the indirect effect for them were 13=1.000 for "active learning" and also 
same for "active consuming" (ACNSM) on `Yearning", P=.966 for "information 
seeking" ( INFOS) on "learning", P=.032 for "learnability" (LRNBTY) on "learning", 
P=:534 for "satisfaction" (SATIS), P=.427 for "efficiency" using the "number of steps" 
(EFFM). P=.162 for "efficiency" time (EFFIT), P=.642 for "information gathering" 
(INFO), and P=.691 for "effectiveness" on "learning".  
Finally, the total effects of "activities", "usability", "active learning", "active 
consuming" (ACNSM), "information seeking" ( INFOS), "learnabilry" (LRNBTY), 
"satisfacrion" (SATIS), "efficiency" for steps (EFFM), "efficiency" for time (EFFIT), 
"information gathering" ( INFOG), and "effectiveness" (EFFEC) were 13=1.000, 
-1.000, 13=1.000, 13=-.464, (3=.966, V.032, S=-.534, 13=.427, 13=.162, P=.642, and 
P=.691 respectively. 
From the previous results it could be inferred that activities, "usability" of the 
digital library, and "active learning" had the strongest total effect (P=1.000) on 
"learning", followed by "information seeking" (P=.966), then by "effectiveness" of 
using the digital library materials (P=.691), and finally by "information gathering" 
(R=.642). 
5.2.3.2) Impact of Learning Activities and Usability on Activities 
This part of the study tried to answer the research question 19. 
RQ19: Do the learning activities and usability have influences on the students' 
activities? 
In this part, the direct, indirect, and total effects of "usability", "active learning", 
"active consuming", "information gathering", "learnability" and "satisfaction", 
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efficiency were examined on the "number of steps", "efficreney"(time), "Information 
gathering", and "effectiveness". 
The results of direct effect, "usability" was found to be (7-.500, of active 
learning" the direct effect was R=-.559, and of the reminding attributes of the digital 
library materials the direct effects were the same with the value of (3—.000. 
Secondly, the obtained value of indirect effect of "usability" on "activities" was 
V.000, of "active learning" on "activities" was (3-.779, of "active consuming" on 
"activities" was {3=-.102 of "information seeking" on "activities" was (.3=.213, of 
"9earnabillty" on `activities" was (i=.016, of "satisfaction" on "activities" was (3=-.267 
of "efficiency" using the "number of steps" on "activilies" was R=.213 of "efficiency" 
of time on "activities" was p=.081 of "information gathering" on "activities", was 
p—.141 and of "effectiveness" on "activities" was 13=.346. 
Finally, the obtained values of total effects were (1=.500 for "usability", p=.221 
for "active learning", 3=-.102 for "active consuming", 13—.213 for "information 
seeking", G3=.016 for'learnability", [3=-.267 for "satisfaction", (i=.213 for "efficiency" 
of steps, (3=.081 for "efficiency" of time, (3=.141 for "information gathering", and 
0-.346 for "effectiveness" on "activities". 
Therefore, it could be interred that "usability" (3=.500) had the strongest total 
effect on "activities", followed by "effectiveness" of using the digital library materials 
(p=.346), then by both "information seeking" and "efficiency" of using the "number of 
steps" to reach the digital library materials (13=.213). See table (5.2.3.4) below: 
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O.B 
Figure (5.2.3.4) Direct, Indirect, and Total effect of learning activities and Usability on 
the activities 
Table (5.2.3.4) Direct, Indirect, and Total effect of learning activities and Usability on the 
activities 
Direct Effect Indirect Effect Total Effect 
Activities Activities Activities 
Usability .500 .000 .500 
Active Leaning -.559 .779 .220 
ACNSM .000 -.102 -.102 
INFOS .000 .213 .213 
LRNBTY .000 .016 .016 
SAILS .000 -.267 -.267 
EFFM .000 .213 .213 
EFFIT .000 .061 .081 
INFOG .000 .14] .141 
EFFEC .000 .346 .346 
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5.2.3.3) Impact of Learning Activities and Activities on Digital Library Usability 
This section answers the Research Question20. 
RQ20: Do the learning activities and students' activities have impacts on the 
digital library usability? 
The direct, indirect, and total effects of "achiviries" and "active learning' on 
"usability" can be explained as follows: first, the direct effect of "activities" on 
"usability" was expressed by 0=.000, whereas, it was (3=1.559 for "active learning", 
p=000 for "active consuming", again p=.000 for "information seeking", ()=.032 for 
"learnability", p=-.534 for "satisfaction", ~3=.427 for "efficiency" in the "number of 
steps" to reach digital library materials, (i=.162 for "efficiency" of time, (3=.000 for 
"information gathering", and 3=.691 for "efJ"ecHuenesr". 
In the same way, the values obtained for indirect effects were as follows: for 
"activities", `active learning", "learnability" "satisfaction" "efficiency" of steps, 
"efficiency" of time, and "effectiveness' the values found were D=.000), of "active 
consuming" 3=-.724, "information seeking" (1=1507 and "information gathering" 
(3=1.000. 
Similarly, the values obtained for total effects were 13=.000 for "activities", 
(3=1.599 for "active learning", p=-.724 for "active consuming", {3=1.507 for 
"information seeking", (3=.032 for "learnability", p=-.534 for "satisfaction", 13=.427 for 
"efficiency" of steps, (3=.162 for "efficiency" of time, (f=1.000 for "information 
gathering", and 1=.691 for "effectiveness" on ` usability" 
An overview of these results can lead to conclude that "active learning" had the 
strongest effect on the "usability" of the digital library ((3=1.559), followed by 
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"information seeking" (1i=1.507), thereafter by "information gathering" (R=1.000), and 
finally by "effectiveness" (13=.691). 
: 
- 1 > .sr_s__#r te+ .r, 	+)a ._. - 
Figure (5.2.3.5). Direct, Indirect, and Total effect of learning activities and activities on 
the Usability 
Table (5.2.3.5) Direct, Indirect, and Total effect of learning activities and activities on the 
Usability 
Direct Effect Indirect Effect Total Effect 
Usability Usability Usability 
Activities .000 .000 .000 
Active Learning 1.559 .000 1.559 
ACNSM .000 -.724 -.724 
INFOS .000 1.507 1.507 
LRNBTY .032 .000 .032 
SATIS -.534 .000 -.534 
EFFM .427 .000 .427 
EFFIT .162 .000 .162 
IN FOG .000 1.000 1.000 
EFFEC .691 .000 .691 
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5.2.3.4) Impact of Learning Activities and Usability on Active Learning 
This section answers RQ21. 
RQ2 1: Do the learning activities and usabilinv have influences on students' active 
learning? 
It could be noticed that the obtained value of direct effect of "adivilks", 
"usability", "learnabilily", "satisfaction", "efficiency" of steps, "efficiency" of time, and 
'effectiveness" was same and came to be (i=.000, whereas, the obtained values of the 
direct effects of "active consuming", "information seeking", and "information 
gathering", were 3=-.464, (3=.966 for [3=.642 respectively. 
On the other hand, it could be said that the digital library attributes had no indirect 
effects for the value (3=.000 was noted in all the cases. See the table (5.2.3.6) below. 
Finally, the total effects of these variables were as follows: "activities", 
"usability", "learnabiliry", "satisfaction", "efficiency" of steps, "efficiency" of time, and 
"effectiveness" were (3=.000. Whereas, p=-.464 for "alive consuming", (i=.966 for 
"information seeking", and (3=.642 for "information gathering". 
Hence, it could be inferred that the ` information seeking" had the strongest total 
effect (j3=.966) on the "active learning" followed by "Information gathering" (p=.642). 
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Table (5.2.3.6) Direct, Indirect, and Total effect of Activities and Usability on the 
Active Learning 
Direct Effect 	Indirect Effect Total Effect 
Active Learning 	Active Learning Active Learning 
Activities .000 	 .000 .000 
Usability .000 	 .000 .000 
ACNSM -.464 	 .000 -.464 
INFOS .966 	 .000 .966 
LRNBTY .000 	 .000 .000 
SATIS .000 	 .000 .000 
EFFM .000 	 .000 .000 
EFFIT .000 	 .000 .000 
[NFOG .642 	 .000 .642 
EFFEC .000 	 .000 .000 
N  n  
i 
a  • 
Figure (5.2.3.6). Direct, Indirect, and Total effect of Activities and Usability on the 
Active Learning 
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Therefore, H9, H10, Hl1, H16 and associated RQs 9, 10, 11, 16, 17, 18, 19, 20 
and 21 fulfilled the second objective of this study which addressed to evaluate the digital 
library techniques. 
SECTION III: ANALYSIS OF THE STUDENTS' COMMENTS 
Table (Si Ii Students' Cnmments for Attributes of I Icahility 
Oriiifo Tnirnke Aarct Mb R*ctn Em' Nv 
Mav 2.50) L64 2.341 2.6406 L740 1.]200 1.62W 
Md. Ikvishon .81441 .77618 .84M1 .98179 .87622 41121 .49131 
5.3.1) ORGANIZATION OF INFORMATION (I=FULL CLEAR, 5=FULL 
UNCLEAR) 
According to students' responses the information was clearly organized and easy 
to look at things. 
5.3.2) TERMINOLOGY (I=FULL CLEAR, 5=FULL UNCLEAR) 
The subjects evaluated the terminology to be straightforward, understandable, 
clearly described and explanatory. 
53.3) ATTRACTIVENESS (1=FULL ATTRACTIVE, 5=FULL UNATTRACTIVE) 
The subjects evaluated attractiveness of DLs with respect to color, graphics, 
readability to be simple and with attractive font features. 
5.3.4) MISTAKE RECOVERY (1=FULL EASY, 5=FULL DIFFICULT) 
The students found the system, easy to navigate and the back option helping them 
to get the correct pathway. 
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5.3.5) OVERALL REACTION (1=FULL SATISFIED, 5=FULL UNSATISFIED) 
The Liken scale was used in Post-Test. This scale gave the students another 
opportunity to rate the test sites and provided overall reaction after examining specific 
areas, such as ease of use, organization of information, terminology, attractiveness, and 
mistake recovery. 
5.3.6) LOST-NESS (1-NO, 2=YES) 
It was found that the students felt lost because of the site design for the first time 
they used it, but while using it, for next time and ahead, they felt more comfortable. 
5.3.7) NAVIGATION (1-NO, 2=YES) 
Subjects' comments regarding navigation indicated that links should be stable and 
self-explanatory. 
5.3.8) EXPECT CORRECT ANSWER 
Seventy-five percent (75°/n) of students who participated in this study indicated 
that a click supported them to get what they could expect. 
30 
]3 
zo  
O.6 
hm+aeLMC.tibxNlrvl w,znLxr0I r yI% hII ~3bt 
n+uh.nr ru..u.....n.o~nvndne •v. nn.nry 
Figure (5.3.1) Students' Comments tbr Attributes of Usability 
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CHAPTER 6 
CONCLUSIONS AND SUGGESTIONS 
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6.1 CONCULSIONS 
Digital libraries store materials in electronic format and manipulate large 
collections of those materials effectively. Research into digital libraries is research into 
network information systems, concentrating on how to develop the necessary 
infrastructure to mass manipulate the information on the Net. Witten (2002)54 indicated to 
digital library as a collection-building tool. The social aspect of digital libraries 
emphasizes the activities people engage in when they create, seek, and use information 
resources. Adachi (2000)' presented NACSIS-ELS, a digital library system of Japanese 
academic journals. Furthermore, many projects were launched for using digital libraries 
in different fields in the world such as Information Digital Video Library; Illinois Digital 
Library Project; Alexandria Digital Library Project; University of Michigan Digital 
Library Project (UMDL); University of Berkeley Digital Library Project; the Stanford 
Digital Library Project; University of California CD-ROM Information System; and 
British Library's Initiative for Access. Digital libraries (Pox E. A., et al, 199516; Levy & 
Marshall, 1995) have been developed to efficiently organize, store, and provide access 
to the rapidly increasing amount ordigital information. 
Some features of digital libraries had been discussed, such as, i) Digital libraries 
are organizations with specific objectives or goals. [UNECA (2003)°y.] ii) Digital 
libraries are made up of digital collections. iii) Digital libraries serve a defined 
community or set of communities. iv) Digital libraries are set-up to serve users, and the 
information needs of the target community or set of communities determine the 
information content and services of the digital library. Users through a single user- 
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friendly interface access digital libraries. Documents of a digital library are available in 
digital format. Digital libraries are to be used by individuals working alone. 
Furthermore, the advantages of digital libraries have been emphasized by Rama 
Nand Malviya, (2008)40 such as, digital libraries provide access to much richer content in 
a more structured manner. Digital libraries can provide very user-friendly interface, 
giving clickable access to its resources, whereas, traditional libraries are limited by 
storage apace, digital libraries have the potential to store much more information, simple 
because digital information requires very little physical space to contain them. The cost 
of maintaining a digital library is lower than that of a traditional library. Digital libraries' 
information resources are available for access to users around the clock. UNECA 
(2003)99 also pointed out to the infrastructure requirements for digital libraries, such as, 
availability of appropriate information and communication infrastructure on which the 
digital library will be built, availability of standards which manage the digital information 
resources. For good quality information resources, databases, and effectiveness of 
information searching and retrieval, electronic information management standards should 
be employed. 
Evaluation of digital libraries is an essential component for the design of effective 
digital libraries. Digital libraries are designed for users so more user friendly techniques 
should be developed in this field. The present research, therefore, concentrated on 
assessment of some of the digital library techniques from users' perspectives and tried to 
answer the research questions. 
The digital lilxay promotes Inning through personal ownership and 
management of the leaning process while conrtrg the In with the content and 
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communities of Inners and educators The use of infomlalion and communication 
technologies to support leaning activities (a field now known as eduction tedvidogy) 
has fostered the educffiiona digital libraries (EDL). Digital library unites rather than 
divides Therefore, there is a need of present time to develop and promote digital 
libraries 
In order to mice learning through distant mode Yemen established the first 
digital collection of information, called The National Information Cents as first Sep to 
construct a di gital library in Yemen. (see httpJ/www.yaietni c.i nfo.) 
The terms s~dt as usa ility, active learning, and digital libraries are important in 
this research and we defined by renowned authors in this area of research. For example, 
1nternnionei SterttderdsOrganizion (I&, £ y i iq (2005a 2005b) 26 a xl Ni 
(1993)'8 definition were considered for "usabiIity"; IBM (1994)", Lesk (1997) cited by 
Malvia, R. N., 2008)31, Waters (1992f2, Lynch et al. (1995)35, Berkeley (1994) cited in 
Larson, Ray R., 199432), Witten & Bainbridge (2002), were considered for "Digital 
library". 
The main objectives of this study were to explore various techniques of learning 
by using digital library; evaluate these techniques of digital library; and highlight the 
need for education by using the digital library techniques. 
It has been found by literature review that some researchers have concentrated on 
the digital library design, attributes, and extract information such as Wu and Witten 
(2006)55, Dong and Agogino (2001)=, etc., whereas, others concentrated on studying 
educational digital library as specific digital libraries and specific users, (e.g., Digital 
Library for Earth System Education (DLESE), MathDL, BiosciEdNet (BEN), and the 
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MiembeLibraiy). In addition, some researchers have analyzed the usability of the digital 
libraries such as Xie (2008), Teal Anderson and Sayeed Chouhdury (2008)45, Zani-
Sabihi, Ghinea and Chen (2006)1°, Judy Jeng (2005a, 2005b) 25, M, etc. 
Learning technology standards specify learning object metadata and 
interoperability. This research concentrated on the evaluation of Berkeley Digital Library 
with respect to its usability attributes and learning activities of the learners. With respect 
to digital materials, three actions create the tools for active learning (Active consuming, 
Information Gathering, and Information Seeking). Questionnaire which consisted of three 
parts was a research tool developed by the investigator. Different statistical techniques 
and statistics programs were used in this research such as multiple regressions with 
backward methods, normality, reliability, factor analysis using SPSS 17.0 Program. 
Structural equation modeling techniques were used by applying AMOS 5 Program which 
determined the relationship between the latent variables and observed variables and 
detected the direction of the impact of some variables toward others. The core of this 
study was to study the influences among "effectiveness, efficiency, and satisfaction"; 
"efficiency & satisfaction"; "effectiveness & satisfaction"; "learning activities, usability, 
and the ease of use" % "experience of using the Internet & Internet; "learnability of the 
digital library & ease of lean"; "time spent, number of steps required for using the digital 
library materials, and satisfaction"; "learning activities, satisfaction, and leamabilitf; 
"activities, active learning, and learning"; "time spent. number of steps, usability, and 
activities"; "satisfaction, usability, and active learning"; `leamability, usability, and 
learning"; "information seeking, active learning, and learning"; and "active consuming, 
active learning, and learning". 
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A model and suite of instruments were designed and successfully tested. 
Given the fact that digital objects carry information in digital libraries and their 
respective metadata specifications, the proposed dimensions of quality for these two 
concepts can be connected to the life cycle of information in digital libraries (Borgman, 
1996°). Information seeking and learning processes cannot be separated (Cole, 19998; 
Marchionini, 199510). Therefore, the relationship between information seeking and 
teaming, and digital libraries, information seeking and teaming were discussed. 
Digital libraries extend such interdisciplinary approach by making diverse 
information resources available beyond the physical space shared by groups of learners. 
Digital libraries open new learning opportunities for global rather than just local 
communities. Many of the data sets and computational toots of digital libraries were 
originally developed to enhance professional learning. Digital libraries combine 
technology and information resources to allow remote access, breaking down the physical 
barriers between resources. Digital learning material provides many opportunities to 
provide an authentic learning content. Especially, digital learning materials provide many 
opportunities to engage each student individually in studying. Digital learning materials 
provide several opportunities to prevent cognitive overload. Digital libraries are 
potentially highly interactive environments encouraging electronic learning between its 
users (Microsoft, 2003; Jose et al., 2002; Kearsley, 20001'). 
Today, active learning is a highly discussed issue; it brings students into the 
process of their own education taking them beyond the role of passive listener and note 
taker, and allowing the student to take some direction and initiative in classroom 
instruction (Jayawardana, 2001r"). Teachers can distribute lecture notes and other 
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required materials via the Web. Learners then get the opportunity to use learning 
materials freely and independently, collecting other related materials on the Web as well 
(Dodge, 1996; cited in Jayawardana, 200124). At the same time the digital library is a 
machine readable representation of materials over the Internet, which might be found in a 
University library together with organizing information, intended to help users find 
specific information, well managed, and supports searching of digital objects. It should 
be looked as a set of tools and objects that support students' learning and information 
task. Students are looking for learning materials or an information that are easy and 
intuitive to use or important to study. This study considered both reading activities with 
static digital library materials and listening/watching activities with audio-visual library 
materials. Active consuming is a composition of active reading, active listening, and 
active watching. It discussed the information gathering (copying, downloading, etc.) and 
information seeking (searching, browsing, navigating, etc.) in the contexts of the digital 
library and provided tools that play role in improving activities in any learning 
environment. It applied student-centered formal leaning and usability testing techniques 
to measure learning activities from the perspectives of active consuming, information 
gathering, and information seeking; also to measure usability from the perspectives of 
effectiveness, efficiency, satisfaction, and learnability that considers both performance 
elements as well as satisfaction. 
In the research model, learning construct was selected that leads to learning 
activities and usability of the digital library. Most of the hypotheses were tested, verified 
and accepted. 
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The following conclusions have been drawn upon the results which were obtained 
after statistical analysis of the data. 
I Conclusions based on relationships between effectiveness, efficiency 
and satisfaction (research question I and hypothesis No. 1): 
i. RQI: Do the effectiveness and efficiency of using the digital library 
materials have influences on students' satisfaction`.' 
ii. HO I: The levels of effectiveness (of digital libraries) will have a 
significant impact on learner's efficiency and satisfaction (table No. 5.1.3). 
The students were found satisfied with searching documents or papers that were 
available in BDL and did many tasks such as copying and reading these papers or e-
books. 
II Conclusion based on relationships between efficiency and satisfaction 
(research question 2 and hypothesis No. 2) : 
i. RQ2: Does the efficiency of using the digital library materials have 
influences on students' satisfaction? 
ii. H02: The levels of efficiency will have a significant impact on learner's 
satisfaction (tables No. 5.1.4. 5.1.5 and 5.1.6). 
The students were satisfied with searching documents and videos that were 
available in BDL, performed many tasks such as copying and reading these papers or e-
books, and also downloading videos and watching some videos, and performed multi-
tasks such as abstracting and extracting important information. 
On the other hand, students were not satisfied with searching audios and listening 
to them because of the reason that they might be more interested in reading papers, 
documents, e-books, and watching videos for different subjects but they have less interest 
in listening to audios. 
271 
LEARNING ASSESSMFNT OF DIGITAL LIBRARY TECHNIQUES 1 	' 
III Conclusion based on relationships between effectiveness and 
satisfaction research question 3 and hypothesis No. 3: 
I. 	RQ3: Does the effectiveness of using the digital library materials have 
influences on students' satisfaction? 
ii. H03: The levels of effectiveness will have a significant impact on 
learner's satisfaction (table No. 5.1.7). 
The results led to conclude that the students were satisfied with searching texts 
available in word document or papers and did many tasks such as copying and reading 
these papers or e-materials. 
The reasons behind the above finding may be that the students had experienced 
Web Sites such as Google, Yahoo, etc. in their University. They used to visit Internet 
cafe and searched for some information through papers or e-books to complete their 
learning tasks. 
IV Conclusion based on learning activities & usability and satisfaction 
research question 4 and hypothesis No. 4: 
i. RQ4: What are the influences of learning activities and usability on the 
ease of use of the digital library? 
ii. H04: The levels of learning activities and usability will have a significant 
impact on ease of use of the digital library (table No. 5.1.8). 
The digital library is a place that provides a set of integrated tools based on 
individual user's requirements and interests with respect to his access to digital library 
materials. These tools support active learning and usability of the digital library 
techniques by integrating the learner's personal library and a remote digital library. 
V Conclusion based on relationships between Experience and Internet 
research question 5 and hypothesis No. 5: 
i. 	RQ5: What are the differences between students' experience and using 
Internet? 
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ii. H05: The levels of learner's experience will have a significant impact on 
using the Internet (table No. 5.1.9). 
It was concluded that, the students heavily relied on the Internet for their 
academic activities. It was also noted that there were differences between students' 
experience and using Internet because of differences of interests & preferences, 
availability of information under one site, time, variety of resources to collect data and 
human communication. 
VI Conclusion based on relationships between Learnabiity research 
question 6 and hypothesis No. 6: 
i. RQ6: What are the influences of the digital library learnability on the ease 
of learn? 
ii. H06: The levels of digital library learnability will have a significant 
impact on ease of learn of the digital library (table No. 5.1.10). 
The results led to conclude that, learnability is the most fundamental digital 
libraries' usability attribute. The digital library system should be made easy to learn and 
should guarantee good performance so that the students can rapidly start getting some 
work with the digital library system. It can also be noted that, the learnability of the BDL 
had positive impact and major influences on ease of learn as mentioned in this study. 
VII Conclusion based on relationships between Time spent & ease of the 
system research question 7 and hypothesis No. 7: 
I. 	RQ7: What are the influences of the time spent for using the digital library 
on students' satisfaction? 
ii. H07: The levels of time spent using the digital library will have a 
significant impact on learner's satisfaction (tables No. 5.1.11, 5.1.12 and 
5.1.13). 
It can be noted that, the hypothesis holds true in the category of "looking for 
papers or e-books" but in the category of "search for videos", the results were not so, 
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because of the fact that motivation led students to spend more time with large 
satisfaction. The downloading of a video will take time rather than copying text. 
However, the watching of video gave positive impact and greater satisfaction. Though, 
downloading audio also takes some time but less than downloading video, however, the 
listening to an audio decreases students' satisfaction which means more time spent, less 
satisfaction. 
It can further he noted that, the time spent in searching for BDL has positive 
impact and strong influences on students' satisfaction (on text and video), but negative 
and weak influences on audio. 
Vill Conclusion based on relationships between Number of steps & ease 
of the system research question 8 and hypothesis No. 8: 
L 	RQ8: Can the number of steps of using the digital library materials lead to 
the full students' satisfaction? 
ii. H08: The levels of steps to reach the digital library materials will have a 
significant impact on learner's satisfaction (tables No. 5.1.14, 5.1_15 and 
5.1.16). 
It can be noted that, the number of steps involved in searching BDL has positive 
impact and strong influences on students' satisfaction (video) but negative and weak 
influences in text and audio categories. 
When students see a video and have opportunities to interact with the educator or 
teacher, they are more satisfied; however, when they listen to an audio or read text, they 
find it tiring. An active conversation is more satisfying than a silent conversation. 
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IX Conclusion based on relationships between Learning activities & ease 
of the system research question 9 and hypothesis No. 9: 
i. RQ9: What are the influences of learning activities on students' 
satisfaction? 
ii. H09: The levels of learning activities will have a significant impact on 
the learner's satisfaction (tables No. 5.1.17, 5.1.18 and 5.1.19). 
Learning activities cover most of the part of this study. These activities such as 
searching, browsing, listening, watching, reading, copying, downloading etc. are 
increasing day by day with education changing situations of education. It was found that 
more activities led to larger satisfaction but fewer activities led us to lesser satisfaction. 
X Conclusion based on relationships between Learning activities & ease 
of learn research question 10 and hypothesis No. 10: 
i. RQI 0: What are the influences of learning activities on learnability of the 
digital library? 
ii. H010: The levels of learning activities will have a significant impact on 
the digital library learnability (table No 5.1.20). 
The results led to conclude that learning activities had negative impact and weak 
influences on learnability of the BDL. 
XI Conclusion based on relationships between Activities and active 
learning hypothesis No. 11: 
i. HO11: The levels of activities will have a significant impact on the active 
learning (table No. 5.2.1.1). 
It can be noted that activities and active learning had positive impact on 
learnability of the BDL 
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XIT Conclusion based on relationships between Time spend, usability & 
activities hypothesis No. 12: 
I. H012: The usability will have a significant impact on amount of time 
spent (table No. 5.2.1.1). 
According to the obtained results, the time spent and usability had negative 
impact on students' activities while using BDL. 
XIII Conclusion based on relationships between usability & Number of 
steps hypothesis No. 13: 
HO 13: The usability will have a significant impact on the levels of steps 
(table No. 5.2.1.1). 
The number of steps and usability showed a positive impact on learning of the 
3714 
XIV Conclusion based on relationships between usability & Satisfaction 
hypothesis No. 14: 
i. H014: The levels of satisfaction and usability will have a significant 
impact on active learning (table No. 5.2.1.1). 
The results led to conclude that satisfaction and usability had positive impact on 
active learning of the BDL. 
XV Conclusion based on relationships between usability & Learnability 
hypothesis No. 15: 
i. H015: The levels of learnability and usability will have a significant 
impact on learner's learning (table No. 5.2.1.1). 
Learnability and usability showed a negative impact on learning of the BDL 
XVI Conclusion based on relationships between active learning & 
Information seeking hypothesis No. 16: 
i. HO 16: The levels of information seeking and active learning will have a 
significant impact on learner's learning (table No. 5.2.1.1). 
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Information seeking and active learning had positive impact on learning of the 
XVII Conclusion based on relationships between active learning & Active 
consuming hypothesis No. 17: 
i. H017: The levels of active coasum/ng and active learning will have a 
significant impact on learner's learning (table No. 5.2.1.1). 
Active consuming and active learning had positive impact on learning of the 
Note: Hypotheses No. 11, 13, 14, 16 and 17 supported the answer for questions No. 11, 
12, 13, 14, IS, 16 and 17. 
XVIII 	Conclusions based on the analysis of students' comments 
for the attributes of Usability 
The following conclusions are based on students' comments regarding the usability (table 
No. 5.3.1): 
i. The organization of the digital library's content was straightforward and 
easy to look up at things. 
ii. The terminologies too were straightforward, understandable, clearly 
described and explanatory. 
iii. The attractiveness of color, graphics, and readability were not complicated 
and were found suitable with regard to font features. 
iv. The students perceived the system to be easy to navigate and with the back 
option that helped them to get the correct pathway. 
v. The overall reaction of students led to conclude that they were fully 
satisfied with ease of use, organization of information, terminologies, 
attractiveness and mistake recovery. 
vi. The students fell bored with the site design in the first instance, but when 
used it the next time and more, they felt comfortable. 
vii. The subjects' comments regarding navigation indicated that links should 
be stable and self-explanatory. 
viii. Most or the students who participated in this study indicated that a click 
was enough to simply get what they could expect. 
According to Jayawardana (2001)24 the tools of the digital library can support 
active learning by integrating the user's personal library and remote digital library that 
students have a lack of these tools. This means that the students with extra training on the 
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digital library tools can search or browse the digital library easily; therefore, this will 
increase the interaction between the students and the digital library, which further 
increases students' satisfaction. It leads to support the usability (usefulness) of the digital 
library materials. 
From the results it could be inferred that activities and usability of the digital 
library, and active learning had the strongest total effect (13=1.000) on learning, followed 
by information seeking (¢=.966), and then by effectiveness of using the digital library 
materials ({3=.691), and finally by information gathering (3=.642). 
In the last part of the study, the researcher discussed the implications of the 
findings in different categories, such as traditional pedagogical shift, teacher preparation 
and curriculum reform, teacher professional development and policy reform, equality of 
educational opportunities for all students. The suggestions for future researches were also 
discussed and submitted for future researchers. 
6.2 EDUCATIONAL IMPLICATIONS OF THE FINDINGS 
The present study found most of usability attributes to have positive impact on 
learnability and learners' satisfaction. Learning activities had also positive impacts, such 
as impact of activities and active learning on students' learning; impact of information 
seeking and active learning on students' learning; impact of active consuming and active 
learning on students' learning. 
System designers and developers must acknowledge that a system's ease of use is 
dependent on any particular task context (Keil, et al., 199510). To ensure a system's 
usability and learning activities, system designers and developers should start with a clear 
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understanding of learners' requirements and needs. However, it is important to gain a 
clear understanding of how and why teachers and students are using technology, what is 
the need for traditional pedagogical shift? What are the needs in teachers' preparation and 
curriculum reform? How they can be effective in teachers professional development and 
policy reibrm, and for providing equality of educational opportunities for all students. 
In order to integrate technology in schools, teacher education programs play a 
crucial role. Teacher preparation on technologies should provide teachers with a solid 
understanding of various media, their affordance, and constraints. Such understandings 
can only emerge when teachers are actively involved in teaching and teaming with 
technology across the various disciplines. It is essential to look at teachers' backgrounds, 
their comfort level with technology, the affordances associated with the specific 
technology, and the human and technological infrastructure. 
6.2.1 NEED FOR TRADITIONAL PEDAGOGICAL SHIFT 
Technology skills should be taught as part of curriculum. One can learn how to 
use a computer while working on a meaningful task. Teacher preparation should not be 
based on training for "computer literacy" but should prepare teachers for using 
technologies to construct, represent, and share knowledge in real life contexts. Teachers 
should be taught about how to use technology for constructing, organizing, and 
communicating knowledge (Barron, Goldman, 19943). The history of technology use in 
education shows that the first inclination is to use new technology in the same traditional 
ways as the old technology (Cuban, 198611;  Means, 1994). 
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The digital libraries (DLs) today are a result of an advanced technology. These 
DLs include different resources that help teachers and students to improve their 
educational skills. Therefore, teachers should get training on how they could use DLs 
such as browsing, navigation, and searching their materials. Old curricula and 
pedagogical approaches should be reformed, and if necessary replaced, to take advantage 
of the affordances of the new media (Vrasidas C. & Mclsaac M., 200151). Learning is a 
result of construction, collaboration, reflection, and negotiation within a rich context in 
which learning is situated (Brown, Collins, & Duguid, l998). Technology has the 
potential to support constructivist learning and be used for active, authentic, and 
cooperative activities (Jonassen, Peck, Wilson, 199927). Harasim (1995)20 opined that 
computer-mediated education facilitated educational approaches, which shifted the focus 
from "knowledge transmission to knowledge building" (p. 205). Knowledge building 
results when learners interact with their peers, collaborate, discuss their ideas, form 
arguments, and negotiate meaning. Information technologies and computer networks shift 
the role ot'the teacher from knowledge transmitter to that of facilitator who provides 
opportunities for interaction and meaning making to all learners. 
Additionally, in a teacher education course, a variety of evaluation technologies 
can provide information about the learners' thinking processes, self-reflective skills, 
performance in completing real-world authentic tasks, and ability to identify technology 
solutions to instructional problems. Traditional tests can also he used but they should not 
he the only method of evaluation. Other evaluation techniques include the collection of 
students' projects and assignments, students' self-evaluations, reflective journals, and 
class presentations of sample lessons (Vrasidas C. & Mclsaac M., 200151). 
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6.2.2 TEACHER PREPARATION & CURRICULUM REFORM 
In a course on educational technology' for teachers, the goal should not simply be 
to teach the use of several technology systems, their advantages, and disadvantages. 
Instead, the goal should be to provide students with opportunities to think like experts in 
making instructional decisions, selecting media for appropriate use, structuring learning 
activities, and employing sound pedagogical strategies in real-life contexts. Furthermore, 
teacher preparation programs should not simply offer a course in educational technology, 
but also demonstrate effective use of technology in teaching teachers several other 
courses. 
Constructivist approach and uses of technology in teaching should be modeled in 
the teaching of other subject matters such as mathematics education, science education, 
and social studies. For instance, in science education, future teachers should be taught 
with technology in ways that model appropriate technology-based learning for science 
education. 
Several rich interactive multimedia systems exist in the market that allow students 
to work in groups to review video vignettes of classroom teaching, identify good 
practices, and discuss them with peers. At Arizona State University, the teacher 
preparation programs for both in-service and pre-service teacher training on mathematics 
methods make extensive use of an interactive multimedia program called Mathedology 
(Technology Based Learning & Research, 199846). Mathedology is based on a digital 
library of classroom video depicting primary teachers teaching mathematical concepts 
using the National Council of Teachers of Mathematics' (NCTM) professional standards 
on discourse. The program includes video episodes of elementary mathematics teachers 
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modeling the NCTM professional standards on discourse, expert commentary in audio 
formal, content based on the NCTM Curriculum and Evaluation Standards, and 
animations of mathematical concepts. Students can view the video vignettes of teachers 
and discuss them with peers. Mathedology provides a rich content for teachers to develop 
an understanding of appropriate mathematics teaching in primary schools. Such 
multimedia systems provide all students and teacher a common and rich content for 
discussion, much richer than text descriptions of settings. In addition students can listen 
to teachers shown in vignettes and understand what math educators and other experts 
have to say about the teaching strategies used in the video episode (Vrasides C. & 
Molsaac M., 200151 ). 
The BDL has the same features of the Mathedology but with several subjects such 
as Chemistry, Biology, Microbiology, Education, Physics, English, Arts, Medical ...etc. 
Its rich-environment allows prospective teachers to experience real-life scenarios of 
classroom teaching, construct multiple perspectives, and reflect on their practice. BDL 
programs include video, audio, animation, encyclopedia, news, graphics, text, 
communication canalization ... etc. that provides multiple conversations between both 
teachers and students, teachers together, and students together. 
6.23 TEACHER PROFESSIONAL DEVELOPMENT AND POLICY REFORM 
According to Ertmer (2005)", `It takes five to six years for teachers to 
accumulate enough expertise to use technology in ways advocated by constructivist 
reform efforts" (p. 27). To integrate technology in teaching, pre-service teachers need to 
be well prepared, but also in-service teachers need to deepen their knowledge and skills 
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as well. In-service teachers need time to develop, master, and reflect on technology-based 
learning approaches. They need time and incentives to participate in lifelong professional 
development. In addition, students need training to use these technologies to construct 
their knowledge in flexible ways and in a short time. Digital libraries will help teachers 
and students to value and encourage up-to-date knowledge, skills, and qualifications. 
However, a skills-based or competency-based compensation pay system might be a better 
way to value and reward teacher knowledge and skills. Students in this study used BDL 
and found it quick and accurate. As digital libraries improve their techniques, students 
and teachers will increase their use of digital libraries. Findings from this study suggest 
that creators of digital libraries should remember their target audience, teachers and 
students, and should not forget their original goal of creating materials that are, ideally, 
core-related, age-appropriate, interactive, engaging, aesthetically pleasing, and 
accountable. 
6.2.4 EQUALITY OF EDUCATIONAL OPPORTUNITIES 
Timothy E. Morse (2004)°  discussed the multidimensional meaning of the term 
digital divide as: (a) the effect of this phenomenon as it relates to equality of educational 
opportunity for all students and (b) ways to address it. The reason every student must 
develop basic technology literacy skills is that the use of computer technology is 
becoming increasingly commonplace in every facet of society. Even though computer 
technology is being used more frequently throughout society, its use is not equitable 
among the social groups in society, a circumstance that could result in negative outcomes 
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for students with limited access to computer technology. Thus, the inequitable use of 
computer technology has been referred to as the digital divide. 
According to Gorski (2002)19, this learn "has traditionally described inequalities 
in access to computers and the Internet between groups of people based on one or more 
social or cultural identifiers" (p. 28), such as race or gender. Brown' and colleagues 
stated that schools attended by students from diverse ethnic backgrounds as well as 
students from families living in poverty are likely to offer less access to most types of 
technology. If every student is to be afforded an opportunity to develop basic technology 
literacy skills, the first issue that must be addressed is eliminating the inequities that exist 
with respect to each student's access to the computer technology. Simply stated, if a 
student is to learn how to use computer technology, he must first have ready access to it 
(Collins, 1991; Kouna & Croninger, 19929). Brown (2000)6 noted that there is an 
emphasis in some inner city schools to use computer technology to enable students to 
acquire basic academic skills, whereas in schools those are more affluent it is used to 
develop the students' critical, higher-order thinking skills. As such, Clark and Gorski 
(2001)' challenged educators to think about how they will use technology with their 
students before doing so and specifically noted that educators should juxtapose the issues 
of what can be done with technology and what should be done with it. However, 
administrators and policy makers need to set clear agendas regarding the educational and 
curriculum goals they would like to achieve with the help of new technology innovations. 
Literature on educational change reveals that teachers facilitate integration of such 
innovations into daily classroom realities (Sarason, 197141; Popkiewicz, 200039). To 
avoid such a situation, policy makers and administrators implementing educational 
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innovations need to adopt a model that will blend the top-down and bottom-up strategies 
(Fullan, 199317) because, as Fullan" argued, effectiveness of educational change depends 
on the level of coordination between these two strategies. Within such a model, policy 
makers and administrators must give teachers "agency" (Sarason, 197141) in both the 
planning and implementation of an innovation. This "agency" as Fullan and Stiegelbaur 
(1991)~s argued, should not be based on administrators' assumptions that teachers were 
involved because they had been placed on major committees or project teams. True 
teacher involvement takes place when teachers are engaged in every stage of educational 
change, including goal setting and planning, budget and curriculum designing, and 
implementation of innovation (Wiburg, 199757). 
Teachers also need to be provided with more opportunities for control within their 
own classrooms system. To help teachers in this respect, administrators can provide 
teachers with display devices and central monitoring systems that will allow them to 
determine the times students may access technology and the time they may not, as well as 
the degree of access with regard to Internet and digital libraries sites. Administrators, 
policy makers, and teacher educators also need to recognize that school-wide and college 
technology initiatives are a complex process that involve far more than putting computers 
in classrooms. Individuals in charge of implementing innovations need to realize that 
teacher, like students, are comprised of "different type of learners who cannot be treated 
the same way" or expected to "progress at the same pace when integrating technology 
into their individual practice (Snoeyink & Ertmer, 2001-2002)°J (p.104). 
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6.2.5 OTHER IMPLICATIONS 
In the light of Findings of the present research work the followings implications have 
been suggested: 
I Establish the DL web site for education purpose in Universities and colleges 
because DLs are beneficial for distance education that allows multi-directional 
interaction between students and teachers and students with each other. DLs can 
incorporate a variety of multimedia elements such as text, graphics, audio, video, 
animation, etc. The incorporation of these communication mediums has the 
potential to address all students' learning style; both instructors and students are 
able to author and publish their work to a global audience, and the posting of the 
students' projects, papers, and other student work may be used for modeling, 
discussion, and review in DLs (See DL Principles, Dong & Agogino, 2001)2. 
2 To help learn and use technology in general and specifically DLs for 
instructional purpose, there is a need to provide assistance to existing teachers by 
a processional staff member or a teacher colleague to increase comfort and 
productivity levels. Show concrete curricular items that would benefit more with 
the use of digital libraries (DLs) and computer technology rather than traditional 
tools, and make opportunities to observe constructivist ways of teaching with 
technology in other teachers' practice to show other than word processing, note 
taking. Moreover, teacher-led-technology uses must be created as well as more 
student-centered learning environments in their universities or schools must be 
created. (See Use of Hypertext, Snyder, 1998)9. 
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3 	To help students learn and use technology and DLs. they need to be prevented 
from the digital divide on economic grounds. Administrators who implement 
digital library initiatives need to make such digital libraries open to every student 
free of charge. Students need early training on DLs web site to support the 
leamability of the DLs (See Diognene Project, Vergara et al., 20035°[. 
4 Flexible training schedules and several course materials are needed (See 
Diognene Project, Vergara eta!, 2003°. 
5 DLs collection should meet the users' information needs as well as provide easy 
access to users (See Topic-Map based system, Dicheva & Dichev, 200413). 
6 Library as a place needs to make sure that there are enough computers for 
students to use; printers and photocopiers are all usable; the network is 
connected, and the ready-to-serve on-site technical assistance is available (See 
Pathway Project, Steven Scott et al., 2007°2; ensuring equality of educational 
opportunity in the digital Age, Timothy E. Morse, 200447). 
6.3 SUGGESTIONS FOR FUTURE RESEARCH 
This research extends the following suggestions for future researches: 
i. 	The study was primarily conducted on Undergraduate English 
Language students in Taiz University. Not much is known about the use 
of DLs at other levels of education, so future researches may conduct 
studies on other levels of education than undergraduate level. If learning 
and EDLTs is to fully be assessed, additional studies on undergraduates 
in other disciplines with different backgrounds need to be conducted. 
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ii. Researches may be conducted on topics such as, the effect of DLs 
on the learning and teaching. This research has pointed out that Digital 
Library Techniques (DLTs) have influences on learning. Additional 
studies that focus on DLs to assess the learning will help clarify the 
degree to which Digital Libraries affect students' education and learning 
methods, approaches or any other educational aspects. Further studies 
may be conducted to clarify the potential relationship between 
professional development activities and experience. 
iii. The current research relied on quantitative data only. Students of 
other subjects may interpret the terms describing learning and DLTs that 
were used in the instrument differently. Thus, it is recommended that 
future studies couple the questionnaires with classroom observations and 
analysis of documents related to the participants' teaching, such as 
syllabi and handouts. 
iv. A more granular approach to investigate into various aspects of 
learning assessment may he applied. 
v. Use of other demographic informations as variables of interest 
may provide a more clear picture of learning of undergraduates of 
English Language who are using DLs. For example, this research did not 
investigate into differences based on gender and age. Focus on variables 
such as these may add to understand of what currently appears to be 
individual differences among students. 
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vi. Researches related to the impact of institutional support on the 
education and diffusion of technology may clarify the role of 
institutional grants to support the scholarship of teaching, and learning or 
the impact of departmental support on learning and education through 
DLs. 
vii. Finally, instruments used in this study may be valuable tools for 
others studying similar problems, therefore, further testing and 
refinement of these instruments could be taken as topics of future 
researches in this field, 
6.4 SUMMARY 
This dissertation consists of six (6) chapters arranged as follows: in chapter 1, the 
researcher described the digital library's concepts, features, advantages and the impact of 
technology on education and learning. It stated the problem and research questions, 
significance of the study, objectives, hypotheses, and definition of important terms. 
In chapter 2, literature review was discussed related to digital libraries, problems 
issues and challenges of the digital libraries and their usability. In chapter 3 a detailed 
description of the conceptual framework has been presented, for instance, in section 1, 
the researcher discussed the multimedia information retrieval and communication, its 
model, elements, and media interaction. Secondly, information retrieval, content-based 
image retrieval, and hypertext and hypermedia conceptualization were also discussed. In 
section 2 of this chapter, the framework of information-seeking, relationships between 
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learning, information seeking, and digital libraries, and scaffolding and personalization 
have been given. 
The chapter 4 described in detail the research design, population and sample, 
research tools, data collection, and statistical techniques. The reliability, validity of the 
instrument, preliminary findings of the pilot study, factor analysis, and normality were 
also explained. 
The next chapter (5) concentrated on data analysis and its interpretation. The 
results of the study and the related key findings were demonstrated which were mostly 
positive and fulfilled the objectives of the study. 
Finally, in chapter 6, the implications of findings were discussed and the needs for 
changes in the field of education according to these study findings were indicated. The 
chapter concluded with important points with the perspective of the research findings and 
some previous studies and conclusions were drawn accordingly. In the end a few 
suggestions were made for future researches in this area of Educational technology. 
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Usability Testing Questions: 
Dear Student, 
Will you kindly fill the enclosed evaluation form for digital library's Web-Site? 
We hope, your response together with our own assessment will contribute to the 
improvement of our future programs. I will ask you a series of questions and would like 
you to think out loud while you look for the answer. Some questions are easy and some 
more difficult. Do not worry if you can not find the answer every time. 
Please, remember that we are testing the effectiveness, learning activities of the site 
design and this is not a test you. 
The whole test should take less than 2 hours. 
I Thank You. 
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1-) does the library have a paper copy of 
a-) education history? 
[]Yes 	 ❑40 
b-) different places, different people? 
❑ Yes 	 QJo 
c-) what use in economic theory? 
❑ Yes 	 ❑Qo 
d-) history of social theory? 
Dyes 	 ❑vo 
e-) teaching English to the world? 
❑ Yes 	 Do  
♦ lima 	tio, of mouse click: 
♦ time: 	RVo. of mouse click: 
•time: 	4No. of mouseclick: 
•time: 	•No. of mouse click: 
•time: 	Co. of mouse click: 
Please, rank from Ito 5 regarding the ease of the system, I being the easiest and 5 
being the full difficult. 
•full easy to use=1 	 4tasy to use=2 	+medium=3 
tdifficultm 4 	 •full difficult-5 
2-) use a database to find an audio about: 
a-) English subject? 
•time: 
b-) philosophy? 
#time: 
c-) history? 
*time: 
#No. of mouse click: 
+No. of mouse click: 
*No. of mouse click: 
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d-) geography? 
*time: #No. of mouse click: 
e-) statistics? 
time: *No. of mouse click: 
3-) use a database to find a video about: 
a-) sociology? 
•time: sNo. of mouse click: 
b-) organization of body? 
stime: #No. of mouse click: 
c-) shell programming? 
•time: *No. of mouse click: 
d-) amines? 
•time: *No of mouse click: 
e-) atoms and heat? 
*time: 	 #No. of mouse click: 
f-) general psychology? 
rime: 	 sNo. of mouse click: 
Please, rank from Ito 5 regarding the ease of the system, I being the easiest and 5 
being the full difficult. 
♦full easy to use! 	 +easy to use-2 	 •medium=3 
•difficult--4 	 tfull difficult-5 
4-) does the library have links to journals? 
❑Yes 	 ❑No 
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5- ) does the library have links to magazines? 
Dyes 	 ❑No 
6- ) can you download a video about Skeletal System? 
❑ Yes 	 ❑Nc 
7- ) can you download an audio about English subject? 
Dyes 	 ❑dn 
8-) can you get a copy of paper addressed by Elizabeth Alice Honing Curriculum? 
Dyes 	 ❑No 
9-) in Psychology subject you will see a video addressed by General Psychology, please, 
rank from Ito 5 as the following: 
a-) sound? 
•full clear—1 	 •clear-2 	 •medium=3 
4unclear-4 	 •full unclear-5 
b-) picture? 
$full clear—I +clear-2 tmedium=3 
unclear-4 Cull unclear-5 
c-) color! 
♦full clear—1 4clear-2 +medium=3 
♦unclear=4 +full unclear5 
d-) sound? 
•full clear—I tclear-2 tmedium=3 
•unclear-4 •Poll unclear-5 
e-) text? 
•full clear=• •clear=2 •medium=3 
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•unclear4 	 •full unclear-5 
Post-Test Questionnaire: 
Dear Student, 
Thanks again for participating in this experiment. This questionnaire gives you an 
opportunity to tell us your reactions to the system you used. Please, circle a number on 
the scale to indicate your reactions. Please, write your comments to elaborate on your 
answers. I will go over your answers with you to make sure that I understand all of your 
responses. 
Thank You. 
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I- ) please rate the case of use of the Web-Site? 
•full easy=] 	 +eas}=2 	 •medium=3 
difficult-4 	 •full difficult-5 
2-) what do you think about the organization of information on the site? 
•full clear-1 	 tclear-2 	 tmedium=3 
•unclear-4 	 (full unclear-5 
3-) what do you think about the terminology used in the site? Are categories clearly 
labeled? 
♦full clear=] 	 +clear-2 	 •medium=3 
(unclear=4 	 •full unclear-5 
4-) is the site visually attractive? 
•full attractive! 	 4attractive-2 	 emediumm3 
wnattractive=4 	 *full unattractive=5 
5-) what is the best feature(s) of the site? 
..................................................................................................... 
6-) what is the worst feature(s) of the site? 
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7-) what new content or feature(s) that you would like to see on the site? 
.................................................................................................... 
.................................................................................................... 
.................................................................................................... 
8- ) can you recover from mistakes easily? 
•full easy—I 	 •easy=2 	 •medium=3 
ldifticult=4 •full difficult=5 
Your comment: 
................ I ................ I ......... 
9-) your overall reaction to the system 
•full satisfied=l 	 (satisfied=2 	•medium=3 
tunsatisfied=4 	 lfull unsatisfied=5 
10-) do you feel lost while using the site? 
❑ Yes 	 ❑Jo 
Your comment: 
.................................................................................................... 
.................................................................................................... 
.................................................................................................... 
II-) is the site easy to navigate? 
Dyes 	 ❑~To 
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Appendix B 
Sale Mesa lflrcm Scale variance if C.M Item- Gomgchs Alpha 
ocIcw4 Item Deleted I of J Copequm if Item Delew] 
Ha. rouuy times do yu uae 2719940 2485.266 .121 921 
leterr t inawoat 
Ho ym prefer day p+rdcuhr 273 9?40 2502.915 .112 .921 
day for brvwsirt the I.trrmrl? 
Un you Search mmt alyooe 2734140 2513.810 -.149 921 
TtonnioQ rr9.ireumQm from 
Web she? 
Are)ou olhdcd lo lMeroel of 2740340 2500.241 .194 921 
o-lswilk Jowm!t 
b-).Speeift %a'azist7 2739140 2506 479 .027 921 
c3Sca11b OtIIW Ubn yi 273.9740 2502.915 .112 .921 
d-].spcciw Web-site? 2733940 2514541 -.174 921 
Doya.pnelerw.b.k.ben. 273.5940 2501.S6S .127 .921 
at..) rvdiabilhy of your 
Inldrroalpo reds unJero4 
,in'. 
b-)eIe.ibbNMy flnr .Ilo.Ie 27 	5140 2507.401 .007 921 
short time? 
r-) reflStyofeetfieg 2738740 2510.348 -.55 .921 
mahtlmedba? 
E-)w1d.scomIiIi n8 aid 2736740 24%.770 217 .921 
hfuw,ieg? 
De You nee the help farilifre 273.6140 2500 029 .139 921 
when mint Web-Site? 
1-t)Audio Engh1 273.4540 2508.680 -.021 .921 
b-)AuJio PEiigppty 2734340 2596 760 .04 ,2l 
C-A udio Uhiory 2734740 2502723 .113 921 
d-)A Jlo Geography V3.5140 2508.487 -.016 921 
e}AW6ioSI,thdc, 2735140 2509.423 -237 .921 
f)Dronebua Tutee 273.5340 2511347 -.0(1 921 
2..-)VIJco5eclola6y 273.5940 2510.110 -.049 921 
b-)VHeo Or of body 273.4540 2508680 -.021 921 
e-IVMeo S6eII Pna{nmaaul 273.5340 2511.%7 -.090 .921 
d-)ViJeoAm1en 273.4140 $T07.949 -S 921 
e-)Yideu Aloma Hnrt 773.4140 2496.389 332 921 
r-1VI or.n Fcy'abpy 2734140 2505157 065 921 
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h-)Video Skeletal Sp 273 4340 2516.523 -219 921 
3-)Eye of laIA 2729740 7522,355 -.142 922 
•Jtaniiq [I,ri 2719940 2507 914 -.013 922 
Ilaee the Hbnry Lveapa!er 2737140 2493.375 224 .921 
copy of a-) CMcatoo Iuelory? 
R) JJ1Irerni Phuz, DIRer+t 2740140 2521 625 -.341 922 
Ptopk' 
c-)W61 tac1acconk 2738940 2526.071 -3l8 422 
th.w. 
&)Hblaryo( wcW Theory. 273.7940 2511.211 -.070 .421 
e.) TnchuR Erglbh to the 2735740 2491912 .329 821 
We rid I 
PIe®,tuh6eeacoflhe 272.1340 2465440 424 920 
Spteml 
Uxvd.Iohts. to rbtl an Audio 2706340 2480.166 ]h0 .920 
.boot a-) F.06b Subject 
b-)PkIIowphr 270.5340 2464.306 SL .920 
C-) Hnlory 7705940 2458.625 .493 920 
d-) Gegnphy 2703740 2475 	52 .474 920 
e-)S.1htke 270.6140 2451580 .521 .92o 
Pkn nnb the .see Drib. 2734740 2506.498 .016 .921 
System  
(1. .lotaka,emoede Mdeu 269.5740 2494.265 .#7 920 
about a-) SurWagy 
6-) Orye.irlme of Rod! 269 6540 2484.618 .312 920 
c-)Shell PrognmmI 2695140 2489.719 356 .921 
d-)Ami. , 269.5140 2484.878 331 921 
e-) Atoms ad llnn 269.2940 2503.101 .105 .921 
r-) Geanl Peyabtop 2e94540 2492.795 2h3 921 
Pkee,r.ktb. enenf the 2722340 2512427 -.072 921 
Sptem3 
Dws the llbnry Dow YW In 273.5540 2503.120 .096 921 
the Joursaht 
Drca the Linbnry have Iln W to 273.5740 2506.228 .070 .921 
the M.R+daM 
Gu yea download 'video 273 4540 251t. 899 -.0% 921 
about Skeletal SS,tem? 
Can You download ee eudb 273.4730 2501.539 .140 .921 
•hmt Aptbb 9ubjeel 
Cah YOU COPY I WCr' 273.5340 2507.15$ 012 .921 
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sddre.,ed by Elizabeth Alit. 
Ruing Curr0.vltm? 
I. 	.bjM, '. .. . 272 3740 2503.013 .OR .921 
vlEto.Earstd by tatnenI 
PsydDtDf5. Pbx raok.-) 
Sou.d 
b.)Pktom 2730740 1493229 .195 921 
c-I Color 1727740 2528.867 -272 922 
d-)Teze 272.6140 2509.167 -.0l3 ,921 
Pkee_ o48et.se orlbr Lx 2728140 2487.366 256 .921 
of the W ebSitt 
Wbt doyol thle4 'bout tIe 272.7140 2517.742 -.121 922 
mpdmlfoe orm. kfDrme[b. 
of the she? 
What do you Ihiok .boutthe 212 5740 2513.620 •.Oh1 922 
ter.Mdap Imed In the.he? 
1.tSe site vemHy efmcrh.? 272.8740 2523.197 -s In .922 
C.. you rn'Dwer  from the 2725740 2529.on -m 922 
mieml.s nsII ? 
lnue overall melon fu rle 212.4740 2495.262 251 .921 
apfem 
Do yw feel met when using the 2739940 2483769 .510 920 
IMt? 
bike silt eey to rviplet 273.5940 2501.384 .1H 921 
Ed.YM1ot 2704640 2304 23 .752 916 
DltIFkFwTbne 2704940 2337.421 .666 .917 
F2ost.akTheor9Sn 2703340 2331.140 .742 917 
IlSoryoIocSrTbnryTIme 270.7140 2321.742 .W9 916 
TeachinE.®ioWorldTime 2708680 2310.261 .747 .916 
E.8IhhTImt 269.4540 2159321 .166 914 
Pkih.ophy Ime 269.0540 2170427 dm .914 
ftit!wryftmr 2692344) 2206.276 .815 915 
Gagr.phyTtme 2690680 2201390 .EM 915 
SaIM1dk,Tlmc 269.1140 2170.401) .867 .914 
Socloto1yTlmt 2611541) 2153 716 .865 914 
Urp.in4ionXe4yfimr 2680960 2312475 .672 917 
She8ProtnmmingTune 2672360 2150453 .851 915 
A.aIocsTloct 267.0760 2162 434 .885 915 
Aeaoc*11a0'fimt 2675760 221&252 .881 914 
GnenlPeYCiW.UIkmK 27.4U 2194.368 ,857 ,914 
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Move f ac' lu 	 27l.55w 	2511704 	 -.OR 	 932 
Mosel 272.0740 2335.155 -BS 922 
Moeac 2720940 23]7.121 -.796 922 
Mowed 272.17" 250].260 .120 921 
M. 2777140 2698.271 ON .521 
Tablel. Reliability 
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Appendix C 
Web-Site Experience: 
Dear Student, 
The goal of this test is to determine your Web site experience. I will ask you a series of 
questions and would like you to answer them as important as for the next tasks. 
I thank you. 
341 
tLGANING A8BE9845N2 pp DIGITAL LSSBAKT T6CNNIQU681 
+Name: 
+Age: 
♦ Seic 	Qvlale: 	OFaWaIc: 
#E-Mail Address: 
I-) how many times do you use Internet in a week? 
❑ l time ❑2times ®times 	Elver 
2-) do you prefer any particular day for browsing the Internet Web sites? 
Dyes 	 LNo 
If yes, specify the day you prefer: 
❑ Saturday 	nunday 	❑vlonday 	❑fuesday 	❑Wednesday 
❑ Thursday 	Dtiday 
3-) do you search most of your information requirements from Web site? 
❑Yes 	 ❑.o 
4-) are you attracted to the Internet of: 
a-) specific Journals? 
❑ Yes Die 
b-) specific Magazines? 
Eyes ❑ No 
c-) specific Digital Libraries? 
Dyes ❑ 90 
d-) specific Web-site? 
Dyes ENo 
If yes, specify the Web-site you visit? 
❑Yahoo 5cienceDirect 	Oiiigabedia Lfloogle LDthers 
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5-) do you prefer Web-Set because of: 
a-) availability of your information needs under one site? 
Eyes 	 ❑No 
b-) availability of information in short time? 
Dyes ❑ ~'o 
c-) certainty of getting multimedia? 
Oyes DNo 
d-) wide searching and browsing? 
Dyes Do 
6-) do you use the help facilities when using Web-Site? 
Dyes ENo 
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Appendix D 
Total V. rl net !igaI.cU 
Campne.t Initial Eigrnvalum Rotation 5utsofsqueroi Loadings 
Total %afVVwce Cumulazrve% Tine! %ufVanvkc Cwmilutjve% 
1 15,944 18 757 18 757 1929 14.034 14034 
3 15.152 17825 36.513 9.843 11.580 25614 
3 9.940 11.694 48.276 9010 10.600 36.214 
4 6 762 7 956 56.232 7.610 8.953 45.168 
5 4605 5.418 61.650 5.381 5.331 51499 
6 3.293 1874 63 524 4.881 5742 57141 
7 3.175 3735 69260 4.165 4500 62.141 
2.595 3 053 72.312 3.O9 4.361 66.505 
9 2.329 2.740 75053 3.247 3.844 70349 
H 2 309 2 716 '11,769 2.960 3.483 73 832 
it 1963 2.215 79984 2480 2.918 76,750 
12 1822 2.140 82.128 2.354 2769 79518 
13 1729 2034 84.162 2.018 2.374 81892 
14 1398 1,645 85.807 1.786 2.101 83.993 
15 1.192 1.402 87,209 1.722 2026 86019 
16 1.114 1 310 88519 1.600 I. g82 &701 
17 1051 1.237 89 756 1.577 1.855 89.756 
It 915 1077 90.633 
19 853 1.003 91636 
II 781 .918 92.754 
21 775 911 93.665 
32 634 .746 94.411 
31 558 657 95,068 
24 534 629 95.697 
IS 479 .563 96.260 
36 417 491 96.751 
St .363 .427 97.178 
21 325 382 97560 
20 306 360 97.910 
38 .275 324 98243 
31 229 270 98.513 
33 1% .224 98737 
33 166 _196 98.93 
34 153 .186 99.113 
35 137 162 99.274 
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36 .109 ,IM 99403 
37 .101 .119 99.522 
090 .105 99627 
31 We 089 9970? 
M 062 073 99.70 
41 .052 .062 99.842 
C 039 006 99.888 
C 034 040 99929 
44 .021 .023 94.954 
n 019 022 99.976 
If .010 .012 99988 
n 05 .a06 99.990 
• 004 005 99.999 
a .001 .001 100.000 
y 2.133F-15 2 510615 IUO.0O0 
51 1.713&15 2015E15 100.000 
S 1.597615 1.979 E- 15 100.000 
p 1390615 I63REI5 IoO.00V 
56 1.294&15 1522F,15 100.0110 
55 1.1106-15 1.306E-15 iw,m 
54 9.523E-16 1. l20E.15 l000  
57 8%9616 1 038E 15 100.000 
9 7.614E-16 9 028616 1 CNLW1 
6643E-16 7.815E-16 100.000 
N 6260E-16 7,364EI6 lUOA00 
61 1198E-16 5762E-16 I0. 	0 
Q 4.375E-16 5.147E-16 100.000 
43 3.533E16 4.156E-16 ION.0CU 
44 2.117E-16 2943E16 100.000 
((! 1630E16 1.9176]6 TOO." 
(4 1 127&16 1326E-16 I00.O 0 
(7 1.916E-17 2.254E-17 100.000 
a -4691618 -5,518618 100.000 
a -5.392E-17 -343&17 100.000 
7B -7796E-1'! -9.172E-17 100.000 
71 -1.375E-16 -I 6]7616 I OOOOD 
77 -1.620E-16 -1.906E-16 100.000 
13 -2.1816-16 -2.565E-I6 I000D 
74 -3S62F 16 4.191E-16 100.000 
75 4840E-16 -Sl 	E-16 IOO 	0 
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76 -5034E16 -5922E 16 I00AW 
77 -.395616 -7 523E-16 I OOA00 
T -9.335616 -8629E-16 100.000 
7P 4.37 E-I -9.656E-16 1W DUO 
M .9265F.-16 -I 090E-15 IOOD00 
II -9.993E-16 -1.115615 IW.000 
C .1031&15 .1 2130-15 100.000 
83 -1108&15 -1421E-15 l00.p00 
M •2.4888.15 .I;/50E-15 IOOA00 
i! 3.566&15 -3019E-15 100.000 
E.tataMn 1fe1haE: PNUI.I C(.00n1 AtS K 
Tablet. Factor Loading 
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Appendix E 
LEARNABILITY EVALUATION: 
The researchher buildstherr of 9gsto er2lu4etheleamability for BDL. 
MAP OF STEPS: 
The purposeof rn of steps isto e✓duaethe learnthility of BDL. Since the students completed 
the training for using BDL, they have atoagh experience for rasigaing, browsing, s~ching, 
downloading serval aidios, videos, and copying led, image... Ac. They answered the 
quP9ionnaire, which built to evaluate thEir irtorm4ion to use BDL, its usability, and learning 
activities The students performed merry tasks such as listening audim w9ching videos, and 
reading eom6 PEW papers They wrote some stets s and note for the speofic god of 
collaborative tearing, participated in srrdl groups as peas and disarssed their information 
together, and entered the fire) scan to evaluate their ail ides, and undemanding the knowledge 
Therefore, the research r establish s the rxav way, which is a nave way to evaluate Judeds 
la3mbility. This nen method called a rr of steps In this method, the rFSmrche demonstrate;; 
all the pnQDsduras for rmigEti ng BDL moving from one link to others, pri r4s the evesto for each 
step, and put a rumba opposite each link. However, the r~dia rewrites the pat of the 
pre✓iousquestiornairethat dudeitsauwe itsquestionswithsanemodifyirg. 
Ua Iy, the classic types of questions are the nwlti-choice questions with string or nu eric 
arever. Tlxse quemons as nt& important to mare the learpability of eat h peitid part. Each 
question requ~s from the st derrts to follow the nunbas in the nu, toga tlx: correct viswas 
and p1 the oorrel mark oppostethe question number in the answer papa. Fer ecanplA put the 
correct mak in the front of the correct ants in the following questions 
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1-) use a database to fi nd an audio about: a-) English subject? 
• 1 2 4 5 27 
• 1 2 3 5 27 
• 1 2 4 6 27 
The students in this method will respond to the exam depending in their ma nory to remember 
each step they learned in their leaning. At the end of this scam the researcher will ask the 
students to rank the ease of lean and l eani ng fort (see f i gucel bellow). 
11J*i!1!II  
it- 
I 
I 
 
Rgurel. An exampleof ans~ver question of BDL using Map of step 
348 
[LEARNING ASSESSMENT OF DIGIrM EIEMRY lECNNIQUES] 
Der et,dent, 
Would you kindly fill the endcsed alaluafion form for digits libray's Wth 31e7 
We hope your response together with our own asea3nait wil I conch bate to the irrproverne,t of 
our future prograns I will ak you a series of questions aid would like you to look for the 
a spa. The dc type of quaions is the multi-khcice questions with Bring or numeric ansva. 
Do not worry if you cannot find the answer every time Plerase, remanba that we ac testing the 
learffiility of the DL and this israt a test you. FC aanp(e put the w'ratnark(v) in the front 
of theoorrat answer in theIerlcrw4ng qucliops 
1-) use a database to find an aud'o abort a-) Erglish sj6/ect? 
• 1 2 4 5 27 (V) 
• 1 2 3 5 27 
• 1 2 4 6 27 
Thewhde test should Me I than at hoax. 
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1-) um a dalteto find e% adio afoul 
a-) English aA a*? 
• 1 	2 	4 5 27 
• 1 	2 3 5 27 
• 1 	2 4 6 27 
b-) Rkioeopp'? 
• 1 	2 3 5 39 
• 1 	2 3 48 39 
• 1 	2 4 5 39 
c-) History? 
• 1 	2 4 5 36 
• 1 	2 	4 50 
• 1 	2 	4 6 36 
d-) G&o r 	r? 
• 1 	2 	4 528 
• 1 	24 5 29 
• 1 	2 3 6 28 
a-) Statistics? 
• 1 	2 	3 5 47 
• 1 	2 4 5 47 
• 1 	2 	60 61 47 
f-) Download ng iTlnes U software? 
• 1 	2 4 5 49 	50 
• 1 	2 3 5 48 	49 
• 1 	2 4 5 48 	49 
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2-) use a d3 	afofird avideotout 
a-) Sociology? 
• 1 	2 3 66 60 61 
• 1 	2 3 66 63 61 
• 1 	2 4 66 60 61 
b-) Orgaiizdion of body? 
• 1 	2 3 66 48 51 
• 1 	2 4 66 50 51 
• 1 	2 3 66 50 51 
o-) Shell prograTr I4? 
• 1 	2 3 66 51 53 
• 1 	2 4 66 52 53 
• 1 	2 3 66 52 53 
d-) Amns? 
• 1 	2 3 66 65 55 
• 1 	2 3 66 54 55 
• 1 	2 4 66 54 55 
E4 Atomsavd Heat? 
• 1 	2 4 66 56 57 
• 1 	2 3 66 56 57 
• 1 	2 3 66 55 57 
f-) GalaS psychology? 
• 1 	2 3 66 58 59 
• 1 	2 4 66 58 59 
1 	 351 
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• 1 2 3 66 57 59 
h-) Skdet9 Sy mi? 
• 1 2 3 66 62 63 
♦ 1 2 4 66 58 63 
• 1 2 3 66 59 63 
Aem rank from onto five regordi rg the ease of leans DL, I bang the aeaeq ad 5 be ng the 
full diffialt. 
r FIII eeseto leem=l 
C Eseetoleent=2 
C Meditxre3 
IS Difficult=4 
IC Full difficult=5 
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Appendix F 
THE NORMALITY OF INSTRUMENT 
One-Sample Kolmogorov-Smiraov Test 
Overall 
Model Effec EffrT EffM Sato Lrnbty IafoG InloS ACa 
Kolmoioro - 1.010 2.089 2.624 .845 1.369 2.432 2382 1.445 
.260.10 .000<01 .000tOl .474>.10 .047<.(K .000<01 .000<01 .031<.05 Smfrom• Z 
.Asimp. Six. 
2-tailed 
Eiperiene 
IMF AGE eap3 e: capS ezp6 ea p7 capS  
Kolmoiorov- 3.782 2.884 1.546 3.330 3.463 3.526 3.122 3.330 
.000101 .000c01 .017<.05 .000<01 .000<01 .000<01 .000<01 .000<01 Smiraov Z 
Aa mp. Sig. 
(2-tailed) eap9 ei 10 e: 	11 es 	12 es 13 e: l4 
3.526 2.1134 3.122 2.979 2.542 
2.762 
Kolmo~orov- 
000<01 .000<01 .000<Ol .000<01 .000<01 .000<01 
Smtrnov Z 
NYmp. Sl. 
2-tailed 
i.esymbi1Ity 
E Patio HLsLrn Geolrn StatsLro Dws SoLrnV OrBodLraV 
Kolmo`orov- 3.330 3397 3.262 3.122 3.122 3.051 2.834 3.330 
.000<01 .000<01 .000<01 .000<01 .000<01 .000<01 .000<01 .000101 Smimov Z 
As mp Sk 
2-tailed 
LearabUky 
SbProLraV AmLraV AHrtLrnV GPsLrnV SkLrnV EOLrn LraEtt 
Koimogonw- 3.051 3.463 3.463 3.463 3.397 1.489 2.818 
.000<01 .000c01 .000<01 .000101 .000<01 .024<.05 .000<01 Smiruov Z Asymp. Sig. 
(2-tailed)  
Effec& EVIL 
and Sails Pa Eda Pa DR Pa Useco Pa Hb Pa TE RSysl tails tmlb 
Kolmogorov- 2.396 3.463 3.051 2.689 2.907 1.784 2.043 1.4% 
.000101 .000<01 .000<01 .000<01 .000c01 .003101 .000<01 .023<.15 Smirnov Z Asymp. Sig. 
2-tailed 
ERec&Em 
and Seth talc tmld tie moss mosb moat mood nose 
Kolmogorm•- 1.582 1.699 1.357 2.656 2.389 2.149 2.616 1.268 
.013<0.5 .006<01 .050-P-.05 .000<.01 .000<01 .000<01 .000<01 .0 	.10 Smirnov Z 
As mp. Sig. 
(2-tailed)  
Ef & Satb2 
E 	lish Pbllosopky Historyt  Geography Statistics RSys2 tm2a tm2b 
Kolmogoror- 2.900 2.489 3.019 3.061 2.596 2.117 2.356 2.376 
.000<01 .000<01 .000<01 .000<01 .000<01 .000<.01 .000<01 .000<01 Smirsov Z 
NYmp. 
 
Sig. 
2-tailed 
Ertl & Satls2 
talc tm2d tale 
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Kolmognrw- 2.106 2313 1.909 
.000c.O[ .000c01 .WI<0I Smbw. L 
Asym, Si?. 
2-t61kd 
Em & Ltle3 
VSO VOreod VAm, VAHFI VGPechu HSyi3 Imja 
Kdmneomv- 2.744 3.011  3.137 2.911 3.049 1.921 1.508 
Smimw Z .000<Ol .0s01  .W}<01 .41)0<.01 .000<01 .W1,01 .019<05 
AeymrL S4. 
3-roiled 
Em & s.ua m3b mac  Im3e on3r 
KNmaeoruv- .992 1.:4$  
1~0 
1.133 1.194 
.27c>.10 .017c.05  .IS3.11) .110.10 Sminm z 
AsymR S. 
2-ISlkd 
Aclire 
Learel Sur M  1*M C P Sud Felt Cdr 
KWnywor- 2.419 2.907  3.262 3.51 2.10 1.670 1.182 
Sminm Z .001cM! .s01  .000001 .WOc.01 .000001 .c  .0I .003<01 
MyTP Sig 
3aiM 
Active 
La nl Tit 
Kulmngolw- 2.08 
.000a01 Smirnov Z 
AslmR S 
2-Oiled 
Pa, -Tal EDt; O 	I.ro Trrnnl. torn Mls Racm lml M' 
Kduogmm- 2.251 1.629 1.946 L233 1.999 11339 3.051 2.134 
amlrnw L .000c.01 .0I0-P=.01 .001<01 .000 01 .001<01 .000<01 .O 	01 .00<01 
As)mP S4 
2-miktl 
Table (1) Normal Distribution 
Vijay Gupta (1999)" indicated the rules for normal distribution using One-Sample 
Kolmogorov-Smimov Test that are as follow: If Sig. is less than 0.10, then the test is significant 
at 90% confidence (equivalently, the hypothesis that the distribution is normal can be rejected at 
the 90% level of confidence). Some statisticians consider this criterion too 'loose", If Sig. is less 
than 0.05, then the test is significant at 95% confidence (equivalently, the hypothesis that the 
distribution is normal can be rejected at the 95% level of confidence). This is the standard 
criterion used. If Sig. is less than 0.01, then the test is significant at 99% confidence 
(equivalently, the hypothesis that the distribution is non-normal can be rejected at the 99% level 
of confidence). This is the strictest criterion used. You should memorize these criteria, as nothing 
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is more helpful in interpreting the output from hypothesis tests (including all the tests intrinsic to 
every regression and ANOVA analysis). Therefore, depending in the rules the researcher inferred 
that the distribution of the leamability of using the digital library and the ease of lcam were non-
normal (because, P=0.047<0.05 and P=O.024<0.05 respectively) but the distribution of the 
learnability predictors were normal (see table (1) above). Similarly, the distribution of the active 
consuming was non-normal (because, P~.031 <0.05) but the distribution of its predictors were 
normal. The distribution of the predictors such as exp3 (P=  0A17<0.05), tmlb (P=0.023<0.05), 
tm Ic (P—.013m.05), tm3a (PO.015<0.05), tm3c (P=0.017<.05), and tm3d (P=0.011<0.05) were 
non•normal in other words the distribution of the reminding predictors of the learning activities 
and usability and their attributes were normal. 
The following figures demonstrate some of these normality between the usability 
attributes and learning activites. 
Figure 1. Active Consuming Probability 	 "'^`a"' 
Plots 	 Figure.2 Effectiveness Probability Plots 
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of 	1b„s 	 Irf aTT 9:d*g 
a 	 0 
Wnd 3~ae 
Figure.3 Efficiency Time Probability 
Plots 
Bf bsq Huber d rtose dick 
0 
(~7Ry1 ,37E 
Figure.4 Efficiency Number of Mouse 
Click Probability Plots 
s 	a 	0 	t 	2 
Figure.5 Information Seeking 
Probability Plots 
tl 
1 	 1 	 0 	 1 
Figure.6 Learnability Probability Plots 
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Figure.7 Satisfaction Probability PlotS 
Finally, normality can be assessed more formally with the help of a quantile-quantile 
probability plot (Q-Q plot); this involves a plot of the quantiles expected from a standard 
normal distribution against the observed quantiles. Such a plot for the observations in 
each group is shown in the Figures above. A graph in which the points lie approximately 
on the reference line indicates normality. Points above the line indicate that the observed 
quantiles are lower than expected and vice versa. Therefore, Active Consuming data find 
that the very small and very large quanliles are smaller than would be expected (Sabine & 
Brian, 2004)6 . 
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Appendix G 
CFA Three Factor Completely Standardized Factor Loadings 
Variance Extracted and Reliability Estimates 
Table (1). Factor Loadings, Variance Extracted, and Reliability 
Usability Active 
Learning  
Item Reliability Delta 
EFFEC .69 0.4761 0.52 
EFFIT .60 0.36 0.64 
EFFIM .83 0.6889 0.31 
SATIS .58 0.3364 0.66 
LRNBTY .96 0.9216 2.783 0.08 
IN FOG .64 0.4096 0.59 
INFOS .97 0.9409 0.06 
ACNSM .66 0.4356 1.7861 0.56 
(2.783/5)* 100 (1.7861 /3)* 100 
Variance 
Extracted 
55.66 59.54 
Construct 
Reliability  
0.86 0.81 
Formula for Variance Extracted 
R 
VE=''~ 
n 
In the formula above the A represents the standardized factor loading and i is the 
number of items. So, for n items, AVE is computed as the sum of the squared 
standardized factor loadings divided by the number of items, as shown above. 
A good rule of thumb is an AVE of .5 or higher indicates adequate 
convergent validity. An AVE of less than .5 indicates that on average, there is 
more error remaining in the items than there is variance explained by the 
latent factor structure you have imposed on the measure. 
An AVE estimate should be computed for each latent construct in a 
measurement model 
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Usability Construct=0.4761+O.3600tO.6889+03364+i7 4216-2.783f5=0.5566 
Active Learning Construct 4).4Y96+0.9409+0.4356=1.7861/3'=0.5954 
CR= 
(E~)2 (E) 
Construct reliability — is computed from the sum of factor loadings (AI), squared for 
each construct and the sum of the error variance terms for a construct (al) using the 
above formula, Note: error variance is also referred to as delta. 
The rule of thumb for a construct reliability estimate is that .7 or higher suggests 
good reliability. Reliability between .6 and .7 may be acceptable provided that other 
indicators of a model's construct validity are good. 	A high construct reliability 
indicates that internal consistency exists. This means the measures all are 
consistently representing something. 
Discriminante Validity 
Table (2) Squared Multiple Correlations 
Estimate (IC) Square of 
Estimate (SIC) 
ACNSM .216 0.0467 
INFOS .934 0.8723 
LRNBTY .001 0.00001 
SATIS .285 0.0812 
EFFM .182 0.0331 
EFFIT .026 0.0007 
INFOG .412 0.1697 
EFFEC .478 0.2285 
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Table (3) Discriminant Validity 
AVE SIC 
Usability 0.5566 0.0467, 0.1697, 0.08723 
Active _Learning 0.5954 0.00001, 0.0812, 0.0331, 0.0007, 0.2285 
All variance extracted (AVE) estimates in the above table are larger than the 
corresponding squared interconstruct correlation estimates (SIC). This means the 
indicators have more in common with the construct they are associated with than 
they do with other constructs. Therefore, the 	three construct CFA model 
demonstrates discriminant validity. 
The table 3 above showed the discriminant validity. Therefore, two construct CFA model 
demonstrated the discriminant validity. 
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